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MERCEDES CAR OF WARDEN WHICH TOOK FIFTH PLACE. BARON DE CRAWHEZS PANHARD, WHICH CAME IN SIXTH. 





THE CHARRON, GIRARDO®P AND VOT@T CAR WHICH CAME IN SEVENTH. ° BARAS ON HIS LIGHT CAR, SKCOND IN HIS CLASS. 


PANHARD CAR MOUNTED BY BARON RENE DE KENYFP. GEO. RICHARD VOITURETTE, ONE OF THE WINNERS IN THX VOITURETTE CLASS. 


THE RACE FROM PARIS TO MADRID, 
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THE PARIS-MADRID AUTOMOBILE RACE, 


Specially prepared for the Scirenrirvic AMERICAN Svup- 
PLEMENT by our Paris CorRESPONDENT. 


Tue Paris-Madrid race was to be run in three stages: 
from Versailles to Bordeaux, or 552 kilometers, on the 
first day, the 24th of May; from Bordeaux to Vittoria 
(Spain) on the second day, 212 kilometers; and thence 
to Madrid on the third day, or 543 kilometers; a total 
of 1,307 kilometers (784.2 miles). The first stage, to 
Bordeaux, which was the only one allowed by the au- 
thorities, passed through Chartres, Poitiers, and An- 
gouléme. A number of different villages were neutra- 
lized, and the chauffeurs were given from 5 to 25 min- 
make the passage The total time which 
was allowed for passing through the towns was 3 hours 
52 minutes; and this was not counted in the speed con 
test. The start was placed at Versailles so as to re- 
move it to a considerable distance from the city and 
give the competitors a free road. The total number of 
Starters, 228 in all, was far greater than ever before. 
The machines were classed as usual as heavy ma- 
chines, light machines, voiturettes,and motor-bicycles. 
All had been carefully weighed at Paris and had a 
number painted on them indicating the order of the 
start Many of the leading chauffeurs had numbers 
near the first of the series, but this was not always 
the case, as Gabriel, the winner of the race, had the 
number 168. There were some gaps between the num- 
bers, as certain of the cars dropped out for various 
reasons, after receiving their numbers 

The winners, as will be observed, covered the dis- 
tance to Bordeaux, 331.2 miles, in times varying from 
5 hours, 13 minutes, 31 seconds, to over 14 hours. The 
latter were in most detained by accident, as 
most of the cars made high speeds. Gabriel on his 
Mors racer, and some of the others, must have reached 
70 or 80 miles an hour It will be noticed that the 
moto-cycles have been entirely replaced by the motor- 
make very fast time, and reach the 
speed of an express train 

\ touring race had also been organized in con- 
nection with the speed race. The tourists started from 
Paris on the 13th of May, crossing France in a south- 
westerly direction to Bayonne, then crossing the Py- 
renees and passing through Burgos, Valladolid, and 
Salamanca, to Madrid This part of the programme 
was quite successful, and most of the tourists had 
reached Madrid before the news came that the race had 
heen suspended and they could not see the finish. The 
tourist section included the Panhard, Mors, Mercedes, 
De Dion, Ader, Renault, Serpollet, and all the leading 
makes carrying from two to six persons, with motors 
ranging from 7 to 40 horse power. These long runs 
have been so successful that they are beginning to be 
regarded as a common occurrence, while only a few 
years ago this performance would have been considered 
remarkable. Besides, the chief interest centered in the 
peed race, and the appearance of the new cars was 
iwaited with curiosity, as their construction had gen 
erally been kept a strict secret before the race, each 
of the makers fearing to give points to his competi- 
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cases 


bicycles; these 


tors 


Attention has of course been attracted by the win 


ning machines, and therefore a short description of 
each will be of interest The engravings show the 
eneral appearance of some of the more important 
cal The Mors machines naturally take the first rank 


as one of them won the race to Bordeaux and another 
took third place in the general list and second among 
the heavy while another Mors, mounted by 
Achille Fournier, holds eighth place in the general 
list All these machines are similar in appearance 
They are of handsome design, and their general lines 
indicate that they are built for high speed. The tor- 
pedo, or boat shape, has been adopted, with a sharv 
point in front, while the rear also ends in a point 
The radiator is almost concealed from view under the 
front part The motor is built to give 80 or 90 horse 
and is one of the most powerful gasoline motors 
yet constructed for a racing machine. Magneto igni- 
tion is the type employed. The motor is well placed 
and solidly mounted in the front of the chassis In 
stead of resting on the side bars of the frame by 
means of arms which are cast with the aluminium 
crankease, the motor is lodged in a bed-plate of pressed 
steel which is proof against shocks. The suspension 
of the body is well carried out. To the usual springs 
is added a kind of braking device which deadens the 
oscillations of the springs after the car has passed an 
obstacle This ingenious device was brought out not 
long ago by Truffault 

Next to the Mors, the Panhard & Levassor cars were 
the general favorites, although they did not succeed in 
taking higher than sixth place with Baron De Crawhez, 
owing to accidents which happened to the different 
One of the Panhard racers was piloted by Réné 
de Knyff, who is well known for his different records 
a third and fourth by Henri and Maurice Farman, and 
others by : The Panhard racer 


cars 


power 


ears 


Chauchard, Teste, etc 
is equipped with a 70 horse power motor, and is thus 
not quite as powerful as its nearest competitors, the 
Mors and Mercedes. The exterior of the vehicle does 
not differ greatly from the preceding models. It has 
a square box front which is finished off by the radia- 
tor. One particular feature of the new racing car is 
the unusual position of the motor. The constructor 
wished to lower the center of gravity of the car by 
lowering the motor At the same time he wished to 
give the latter a heavy flywheel of large diameter, but 
without bringing it too near the ground He solved 
the problem by. inclining the motor toward the front 
so that the lowest point of the crankcase and the lower 
edge of the flywheel are on the same level. The diam- 
eter and stroke of the motor are kept the same as 
last year’s type which was used in the Paris-Vienna 
race. The motor has four large cylinders with water 
jackets formed by an outside copper sheathing. The 
only difference in tte operation of the new motor is 
that the admission valves are now operated mechanical- 
ly. The new Krebs’ carbureter is now employed 
which allows of keeping a constant mixture of gas and 
air at all speeds of the motor. The flywheel has been 
made heavier, owing to its increase in diameter. The 


chassis is built of pressed steel, and is very solid as 
well as light. 


In the center of the car are the seats for 
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the driver and machinist which are placed rather high 
up. The racing machine has only three speeds, as it 
was desired to save weight by diminishing the number 
of gears in the transmitting mechanism rather than by 
lightening the chassis too much and depriving it of 
the necessary rigidity. Chain transmission is used 
from the countershaft to the rear wheels. .The radia- 
tor, which forms the front end of the car, has been 
built in a compact form, and air is forced through 
it by a fan which is placed in front of the motor and 
is driven from it by a belt. The escaping gases come 
out of each of the four cylinders by a short pipe, and 
all four pipes are joined below to a long tube of large 
diameter like a stovepipe, which conducts the gases to 
the rear and serves as a muffling box. The suspension 
of the car body has been well carried out, and the 
ensemble forms an easy running machine of great 
solidity. 

The new Mercedes racers attracted a great deal of 
attention. They are of German build and come from 
the Daimler works at Canstatt. This firm holds the 
first rank among German constructors, and it has a 
well-deserved reputation for automobiles of high qual- 
ity, but this is the first year in which the Canstatt 
works have turned out a series of regular racing ma- 
chines. During the Paris-Vienna race, some of the 
Mercedes cars came very near taking the first place, al- 
though they were only equipped with light motors. 
For the Paris-Madrid race two new types were built, 
one of 60 horse power and the other of 90 horse 
power. One of the 60 horse power machines ran not 
long ago at Nice, but this is the first appearance of 
the 90 horse power car, which was one of the most 
powerful machines in the race and was only exceeded 
by the Gobron-Brillié, which was built to be run with 
alcohol and rated at 110 horse power. The latter did 
not, however, succeed in taking a high place in the 
race. The Mercedes machines are built according to 
the standard type as to general appearance, and all 
the machines are about alike, differing only in the 
power of the motor. The type of motor used has 4 
cylinders, and is of especially compact form. The 
long, square, bonnet is finished off by a radiator of 
the honeycombed pattern, which has a fan behind it. 
Contact ignition, with current from a magneto, is used. 
The speed-changing box has sets of gears which are 
always in mesh and the clutches of which are thrown 
in by a rack-and-pinion device, which is operated in 


turn by the speed-changing lever at the conductor’s 
hend. Mounted on the steering wheel are the levers 


for the gas admission to the motor and for regulating 
the ignition The motor is thrown into gear by a 
new form of clutch in which a steel spiral winds 
around a cone and can be made to turn the latter by 
attaching the free end to the cone by means of a catch 
device, the whole working somewhat on the principle 
of the capstan 

The new De Dietrich cars are among the winners, 
they having succeeded in taking the third place among 
the heavy machines, under the skillful driving of the 
Englishman, Jarrott. This car had also the honor 
of leading off at the start. The performance of these 
cars is all the more creditable from the fact that the 
system was only brought out last year The De 
Dietrich Company decided to abandon their former 
system, and adopt the new type which had been de- 
signed by Turcat and Méry, two young engineers of 
Marseilles, and which showed great promise. Their 
expectations have therefore not been disappointed. 
The cars were built in slightly varying forms on the 
present occasion, but all are more cr less boat-shaped, 
with a long pointed front and the rear either taper- 
ing or rounded off The radiator, instead of being 
placed underneath the body as in the Mors, is placed 
directly in front of the pointed end A 4cylinder 
motor is with the cylinders grouped in pairs. 
The efficiency of the new system is due rather to 
the perfection of the details than to anything un 
usual in the construction The chassis is built of 
wood, reinforced by pressed steel and braced across 
by steel tubes The motor and the transmitting 
mechanism are supported upon a second frame at the 
front and inside the chassis, giving considerable 
rigidity to the whole. The wheels turn upon specially 
designed ball-bearings, and have an easy movement. 
The motor, which is built to run with either gasoline 
or alcohol, used gasoline in this race. The cylinders 
are cast in one piece with the water-jackets. The 
new De Dietrich machines made their first appear 
ance at the Paris-Vienna race last year, in which three 
16 horse power racers showed up very favorably in 
comparison with the heavier machines. The radiator 
for the water cooling is provided with a turbine pump 
of large output, but in case of accident to the pump, 
the cooling can still be carried out on the thermo- 
siphon principle, owing to the disposition of the 
water reservoir. A magneto is used for the ignition, 
with an induction coil in reserve An improved car- 
bureter is employed, which assures a constant mix- 
ture at all speeds of the motor. It works at constant 
level, with an atomizer which uses a double air cur- 
rent. A friction-clutch couples the motor to the speed- 
changing box which gives four different speeds. In 
these cars the motor has been increased to 45 horse 
power on an average, or 60 maximum 

The Renault car was also one of the winners and up 
held its reputation of last year. The new racers em- 
body all the new points which have been illustrated in 
detail in the Screnriric Awertcan. This year the 
racing machines of the Renault type, and in fact most 
of the others, were finished only a few days before 
the event, and were not to be seen before that time. 
After the race most of the machines were detained 
at Bordeaux, and have not returned to Paris at the 
time of the present writing, but it is expected to 
soon furnish a detailed description of these, as well 
as of the other leading machines. 

The race was especially marked by the accidents 
which occurred to many of the leading chauffeurs and 
to many of those who were counted upon to win the 
race. The death of Marcel Renault, the winner of the 
Paris-Vienna race, who was precipitated from his ma- 
chine against a tree and had his skull fractured, is 
deeply regretted. It is a curious fact that last year 
it was Louis Renault who met with an accident and 
could not finish, while his brother won the race, while 
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this year the conditions have been reversed. The 
Renault brothers went into the construction of auto. 
mobiles in a rather unusual way. They were great 
amateur yachtsmen, and had a small steam yacht, 
the “Cypris,” which they ran on the Seine near Paris, 
Having a small tool-shop for repairs, they had an 
idea of constructing a quadricycle in 1897 with a 
speed-changing transmission of their invention. Then 
they built a voiturette, to which they applied the same 
speed-changing device and brought out for the first 
time the jointed rod transmission which is now used 
so extensively. This voiturette was built for private 
use, but had such a success that they construcied 
others, and finally founded, in 1898, their present works 
just outside ‘of Paris. The new machines soon became 
successful in the different races and, in 1899, Marcel 
Renault took second place with his voiturette in the 
Paris-Trouville and the Paris-Ostend races. The fol- 
lowing year Louis Renault took the first place amoug 
the voiturettes in the race from Paris to Toulouse and 
back. After running in the Paris-Berlin, Marcel 
Renault became famous as the winner of the Paris- 
Vienna race of last year, showing that his light ma- 
chine was to be counted upon as a competitor against 
the heavy cars, and this has also been proved in this 
year’s race by the second place which was won by 
Louis Renault. As a chauffeur, Marcel Renault was 
remarked for his sang froid, and for his skill as well 
as prudence in driving. 

Two of the chauffeurs who met with serious ac:i 


dents during the race were Lorraine Barrow aid 
Stead. The case of the former is serious, but he will 


no doubt recover. Stead expects to be able to retuin 
to Paris within a short time, as his accident is not as 
grave as Was reported at first. 

One of the principal causes for stopping the race 
was the fact that a soldier was killed by one of the 
cars, some say while on duty, but this has since been 
denied. The official account of the accident, which tov 
place near Angouléme, is as follows: The Tourand ca”, 
mounted by M. Tourand, arrived at the bridge of | 
Couronne at a speed of over 70 miles an hour. The 
bridge formed a slight arch and made the car bound in 
the air. The machinist Normand, who had just the. 
risen up to examine the route and was leaning over 
the car, lost his balance. Seeing himself about to be 
projected from the vehicle, he caught the arm of } 
Tourand, giving the latter a brusque movement whic 
caused the car to swing to the right and run int 
the bank. Upon the bank were placed several specta 
tors, and one of these was the soldier Dupey, wh« 
while trying to pull a child back out of the way, wa 
struck by the car in the chest and instantly killed. Th 
ear, continuing on its course, ran into a tree an 
smashed to pieces, throwing the conductor and ma 
chinist out on the road, killing a spectator an 
severely wounding a second. This accident was there 
fore one of the most serious that occurred durin: 
the race 

Besides the more serious accidents, Fournier an 
De Knyff met with mishaps and could not finish, whil 
M. Georges Richard, who was thrown from his ma 
chine, will probably escape without serious damage 
The Americans did not meet with good fortune this 
year. Both Vanderbilt and Mr. Terry had accidents t 
their machines. Vanderbilt states that he gave up th 
race principally owing to a punctured tire, but he com 
plained of the had organization of the race, also. H+ 
had considerable difficulty at the start owing t 
various formalities. He says that the crowds of spec 
tators all along the route were one of the greatest 
drawbacks to the chauffeurs, as imprudent persons 
advanced far into the roads in order to see the cars 
and there was no one to contro] them, at least outside 
of the towns and villages. It was not surprising there 
fore that there were a great many accidents to the 
spectators, and upon learning this he was not sorry 
that he had given up the race. Baron de Forest, who 
was also stopped owing to a puncture of his tire, ex 
pressed the same opinion. 

Mr. Terry, the well-known American chauffeur, had 
a very bad accident to his machine which obliged 
him to give up the race. Mr. Terry mounted a 60 
horse power Mercedes car, and 12 miles after the 
start, when he was going at a very high speed, at least 
69 miles an hour, came alongside of one of his com 
petitors just before the town of Cogniéres. On passing 
Cogniéres over a bad piece of road, Mr. Terry, who is 
a skillful driver, tried to pass the second car on 
the left hand side, but just then the latter made a 
turn to the left also, and in order to avoid a collision, 
Mr. Terry was obliged to turn his machine on to the 
sidewalk. This gave a rude shock and caused the tire 
of the left wheel to burst, but the car, running at 
a high speed, still drove ahead and passed the second 
machine. Then the left wheel broke, and although 
the motor was thrown out of gear, the car kept on 
for about a thousand feet, traveling sidewise along the 
road at a speed of 50 miles an hour. The shock had 
caused the gasoline reservoir -to burst, and it contained 
30 gallons of gasoline, which saturated the machine. 
The gasoline caught fire from the exhaust of the motor, 
and when the car finally came to rest, it was enveloped 
in flames. All this time Mr. Terry, with rare sang 
froid, continued in the seat, but was forced to leave 
the burning vehicle. No accident occurred to either 
Mr. Terry or his machinist, but it is reported that the 
car was completely burned, together with two trees 
at the side of the road. ; 

The wind-up of the event was as doleful as the 
beginning had been brilliant. The cars, on reaching 
Bordeaux, were kept under lock and key by the author- 
ities, and as they were not allowed to leave under 
their own power, they had to be towed to the railway 
station by horses and thus sent back to Paris. Fol- 
lowing the decision of the French government, the 
Spanish government also issued a decree forbidding 
the race in their territory. The different fétes which 
had been organized to receive the chauffeurs had to 
be all countermanded. Considerable excitement was 
caused at Paris by the news of the accident, and 
many of the journals who are hostile to the automobile 
raised a great cry. Others took a calmer view of the 
matter, but nearly all agreed that the day of fast 
racing on the road was over, in France, as the speeds 
had now become so high that accidents were sure te 
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occur. Those who are favorable to automobile inter- 
ests are looking for some way to solve the problem, as 
it must be admitted that the present perfection of the 
automobile in France is principally due to the high- 
speed races, and the perfection of the light gasoline 
motor is now the cause of the success which the new 
airships are having. 

The affair was discussed in the Chamber of Deputies, 
and the general opinion may be summed up by the 
statement of M. Combes, the President of the Cham- 
per. In authorizing the race he was far from expect- 
ing such terrific speeds, and he considers also that the 
number of accidents to the spectators has been exag- 
gerated. The greater part of these were due to defects 
in the route or the imprudence of the chauffeurs, and 
not to the lack of precautions. It is only the excess 
The government is not 


of speed that is dangerous. 

disposed to allow a new attempt to be made, but it 
warns the Parliament against an exaggeration of sen- 
time which would lead it to vote too severe meas- 
wes and thus ruin the automobile industry which is 
now so prosperous. Both the industry and safety to 
humon life should be looked after, and these two in- 
tere should be conciliated. This can no doubt be 
done if the affair is looked at in the right spirit. The 
Ma is De Dion, the well-known automobile construc- 
tor ho is also a deputy, replied that he was satis- 
fied with the attitude of the President, adding only 
tha 1e number of accidents per mile caused by horses 
is *h greater than for automobiles, and that no 
ne\ estrictions should be made which should com- 


promise such a flourishing industry and one which 
supovorts so many workmen. As a result of the debate 


no rther measures Rave as yet been taken against 
the :utomobile interests in general, except that of pro- 
hibi ng the speed races which will now have to be 
hel on private roads, and there is already some talk 


of juiring property and laying out an immense cir- 
eu road, or “autodrome,” to be devoted to the auto- 
mol: le. 

Ii was of course of great interest to know what 
effe the decision in France would have upon the Gor- 
don Sennett Cup race which is shortly to be held in 
Ire’ ad. The executive committee of the British Auto 
mo ‘e Club held a long session, and, as a result of 
the iebate, made the statement to the public to the 
eff that the International Race should not be placed 
in e same class as the Paris-Madrid for many rea- 
sol The great source of danger in the Paris-Madrid 
rac’ was the character of the road surface. A constant 
clo of dust hid the sharp corners and prevented the 
drivers from seeing the gullies, which are occasionally 


cut across the road. In Ireland, however, arrange- 
me: s have been made to spend nearly £1,500 in 


ren ‘ving the gullies and sharp bridges, and all cor- 


ner. will be treated to prevent dust being raised. 
The whole road will be put into proper condition for 
hig! speed racing automobiles. On the road between 
Par s and Madrid there were several dangerous railway 
gra crossings; there are no grade crossings on the 
Iri course. It may be further stated that the drivers 


of automobiles in the Coupe Internationale are already 
car-fully studying the Irish route. They will, before 
the beginning of July, know it in all its detail, and 
will be thoroughly familiar with the speed at which 
the various corners can be safely negotiated. Almost 
every cause which contributed to the accidents in the 
fir stage of the Paris-Madrid race will be absent 


from the Coupe Internationale race, ard there is little 
fear that the mishaps which startled and alarmed the 
public in connection with the former race will repeat 


tl selves in Ireland. 





THE BRITISH FIRE PREVENTION COMMITTEE 
‘AND ITS WORK. 
By the EneiisH CorRRESPONDENT OF THE SCIENTIFIC 
AMERICAN. 


fue term “fire prevention” is too often misunder- 
stood, inasmuch as fire extinguishing, or rather fire- 
brigade work, is what the majority has in its mind, 
and many towns consider themselves well protected 
if they can boast of an efficiently manned fire-engine 
establishment. 

in reality, however, fire-brigade work, as such, occu- 
pies but a minor réle in the general system of fire 
protection, for really well protected towns must owe 
their position in the first place to properly applied 
preventive legislation, and a preventive practice based 
on the experience and research of architects and engi- 
neers, fire experts, fire-brigade officers, insurance and 
miinicipal officials. 
rire protection is a combination of fire prevention, 
combating, and fire research, and under the head- 
ine fire prevention should be classed all preventive 
isures, including the education of the public. 
‘reventive measures may be the result of private 
initiative, but as a rule they are defined by local au- 
thorities, and contained partly in building acts and 
partly in separate codes supplemented if necessary by 
es for the treatment of extraordinary risks, such as 
the storage of petroleum, the manufacture of explos- 
s, or the performance of stage plays. 
‘he work of the British Fire Prevention Committee 
ites in the first place to fire prevention pure and 
iple, and in the second place to fire research, while 
sphere is not intended to encroach upon what is 
ierally termed fire combating or fire extinguishing, 
hough mutual interests naturally bring the com- 
ttee in touch with those who have the combating 
ment in hand, i. e., the professional, part-paid, and 
unteer fire services, as well as the salvage corps. 
\s fire-brigade officers in different countries are 
bended together to discuss subjects relating to fire com- 
boting, and to exchange experiences, so in England 
hitects, engineers, district surveyors, municipal offi- 
cers, and the members of the other technical profes- 
ns interested have joined hands to deal with that 
rt of the general subject of fire protection—namely, 
ire prevention—in which they are mainly interested. 
id just as the associations of fire brigades include 
equently "members of the technical professions who 
e interested in fire-brigade work, either from an en- 
neering, chemical, or other point of view, so there 
are fire-brigade officers who have joined the British 
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Fire Prevention Committee whose work so materially 
affects them, and has, in fact, a very important réle to 
play in the safety of a fireman’s life. 

The British Fire Prevention Committee was formed 
after the Paris Charity Bazaar fire and the great Crip- 
plegate fire in London, in both of which cases it was 
obvious to the world that the subject of fire prevention 
was really in its infancy. 

The committee was formed first as an ordinary 
private society, and afterward as an _ incorporated 
committee with a membership of over five hundred 
professional men, and the necessary funds for its 
maintenance are raised by a regular annual subscrip- 
tion among the members and by voluntary contribu- 
tions. The principal objects of the committee are as 
follows: 

To direct attention to the urgent need for increased 
protection of life and property from fire by the adop- 
tion of preventive measures 

To minimize the possibilities and dangers of fire. 

To bring together those scientifically interested in 
the subject of fire prevention. 

To discuss practical questions on fire protection. 

To undertake independent investigations and tests 
of materials, methods, and appliances. 

The tests which have been instituted by the British 
Fire Prevention Committee have been limited to ob- 
taining reliable data on the exact fire resistance of 
various materials and systems of construction, or ap- 
pliances used in actual building practice in Great 
Britain; in other words, they have been limited, so far, 
to obtaining results bearing on the every-day practice 
of the building world, rather than to dealing with theo- 
retical work. 

The reason for these investigations is that sufficient 
data does not exist as to methods of building con- 
struction, and that the little information available has, 
to a very considerable extent, been obtained by indi- 
vidual makers or manufacturers in their own labora- 
tories, and that the results thus obtained have not 
been met with much confidence. 

The few official tests that have so far been under- 
taken in this country and in Germany have not hither- 
to been systematically organized, but have simply had 
the object, as a rule, of dealing with certain specific 
questions or a certain specific piece of material em- 
ployed in a particular building, rather than of treat- 
ing the question of fire prevention as a whole. 

The series of tests undertaken by this organization 
thus not only fill a long felt want, but give the fire- 
prevention trades an opportunity of obtaining authent- 
ic records as to the reliability of their work. 

The tests are of an entirely independent character, 
arranged on scientific lines, but with full consideration 
for the practical purpose in view. Absolute imparti- 
ality is assured, records being mostly taken automati- 
cally and by photography, while the temperatures are 
carefully regulated and maintained, as the means for 
applying heat is by the combustion of gas. 

All reports on tests state solely the bare facts and 
occurrences with tables and diagrams and illustrations 
and do not in any way intimate expressions of opinion, 
comparison, or criticism. 

The general arrangement and direction of the tests 
is in the hands of the executive, and in accordance 
with certain principles laid down after careful study 
and experiment. 

The actual tests are attended by the members of the 
council and the members of the committee in rotation, 
care being taken that the attendance is always thor- 
oughly representative of the technical professions 
primarily interested in the specific object under in- 
vestigation 

The first testing station is at Westbourne Park, 
London, W. For this purpose an old and commodious 
residence with its grounds was purchased. The prin- 
cipal rooms are used for committee and reception room, 
a museum, laboratory, and photographic dark room 
and a residence for the resident engineer. A portion 
of the garden is occupied by the huts in which tests 
are conducted. 

With regard to the financial aspect of the station, 
the establishment expenses are met by a special sub- 
scription, and, as far as the funds of the committee per- 
mit, investigations with ordinary, i. e., not patented, 
forms of construction are undertaken from time to 
time and duly reported upon. Official tests with pat- 
ented materials, makers’ systems, etc., are subject to 
a seale of charges so regulated as to only just cover 
the actual cost. The testing Station is also open to 
members for such private research work or tests as 
they may desire to undertake at nominal charges for 
the loan of plant and instruments 

The services of the members participating in the 
management of the station conducting or attending 
tests are given entirely gratuitously. 

The testing plant comprises a set of testing huts 
in which floors, partitions, doors, or ceilings can be 
tested. The huts are laid down in two rows, and the 
materials used in their construction are stock bricks 
with lime mortar. 

The fuel used is gas, produced on the spot. The 
gas is conveyed from the generator by pipes to the 
several huts and the supply is regulated by valves and 
dampers, and as the gas enters the huts from the 
branch pipes it is diffused by means of mixing cham- 
bers of fire-brick. Each hut has door openings, venti- 
lation and observation holes, the doors being closed 
by brickwork during a test, and the ventilation holes 
blocked according to requirements by fire-brick ‘or fire- 
clay 

Each chamber for a floor test allows for the floor 
under investigation to be placed at least 7 feet 6 
inches above the floor of the hut, "And the chambers 
are roofed in with galvanized iron or tarpaulin when 
necessary. Bricks or pig-iron are used for any loads 
that may be applied to floors under investigation, and 
water is applied from an ordinary manual pump equip- 
ped with pressure gage. 

While the tests are in progress records of tempera- 
tures are taken as far as possible automatically, by, elec- 
trical pyrometers able to record temperatures up to 
2.500 degrees F. Visual observations of work under 
investigation are also recorded as far as possible by 
photography. Deflections are measured by level and 
staff or by weights and pulleys. 

The general arrangement and direction of the tests 
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are in the hands of the executive, the work being done 
according to certain principles laid down by them 
after careful study and experiment. The actual tests 
are attended by the members of the council and the 
members of the committee in rotation. Attendances at 
tests have to be strictly limited in accordance with 
the regulations of the testing station, for, quite irres- 
pective of the fact that any crowding disturbs those 
directing the operations and that the actual attendance 
is by no means free of danger, there is the question of 
vibration; for instance, the movements of people in 
the house are distinctly felt on such delicate instru- 
ments as pyrometers. 

For the regulation of the attendance of tests, with 
due consideration for the representation of the com- 
mittee, and also of the exhibitor (should it be the 
case of a patented piece of construction, system, or ap- 
pliance), the following arrangements are made: 

The official attendance at tests with materials, sys- 
tems, or appliances of members of the commercial sec- 
tion is limited to the council and executive, ten mem- 
bers of the committee, the chairman of the commercial 
section, six representatives of the exhibition, two 
visitors nominated by the exhibitor, and such special 
visitors as the executive may have invited. 

(1) Members or visitors attending a test must not 
in any way directly or indirectly publish or allow to 
be published any description, account, or criticism of 
the test. Exhibitors or their representatives are also 
expressly forbidden directly or indirectly to publish or 
allow to be published any description, report, account. 
or criticism of the test, other than the duly authenti- 
cated official report of the committee, without abbrevi- 
ation. 

(2) Members, exhibitors, or visitors must not hold 
the committee, its council, executive, or officers re- 
sponsible for any personal or other injury, loss, or 
damage, sustained at a test or while visiting the test- 
ing station, whether through accident, negligence, or 
otherwise. 

(3) Members, exhibitors, and visitors undertake to 
conform implicitly with the rules in force at the test- 
ing station and to comply with all instructions given 
by the executive and its representatives. 

Every test is in charge of a special sub-committee 
of the executive, of whom one is the directing member 
The complete technical direction is in their hands and 
each member of the sub-committee wears a distinguish- 
ing badge. A member of the executive is delegated 
at each test for the reception of members and visitors. 

The members of the sub-committee in charge of any 
one test and. the officers and the employes of the com- 
mittee, must not be interfered with during the test 
by visitors and others wishing for explanation or in- 
formation. The executive has powers to determine 
the distance within which members and visitors may 
not approach the testing huts, instruments, or appli- 
ances during the progress of any test. Nor may any 
hut be entered or examined without special permission 
of the directing member of the sub-committee in 
charge of the test, and any such permission does not 
involve any responsibility on the part of the directing 
member or that of the executive, council, committee, 
or its officers 

Tests of fire resistance of the ordinary building ma- 
terials, or forms of construction which are not subject 
to any patent, or the interest of any special maker, are 
undertaken from time to time by the committee accord- 
ing to the means at the disposal of the executive for 
such purposes. It rests with the executive, either of 
its own initiative or at the instigation of others, to 
arrange for tests of this description, and it is hoped 
that the various public authorities interested in the 
subject will in due course contribute financially to- 
ward the cost of such experiments as they may con 
sider of general public utility. 

Up to the present the executive has tested several 
floors of various construction, as well as wood and 
iron doors. 

It is needless to say that there are endless questions 
relating to the fire resistance of ordinary forms of con- 
struction that have yet to be solved, and it is hoped 
that further research will be made in this direction as 
means permit. It is anticipated in due course to re- 
cord the exact resistance of all the more common 
methods of construction used in the British Isles 

As already indicated, quite irrespective of the test 
undertaken by the committee with work not subject to 
patents, or not the specialty of individual makers, 
the fireproofing trade also has every opportunity for 
obtaining official and independent reports on its sys 
tems or appliances, at a fixed tariff. The charges are 
based on the actual costs of such tests. In the event 
of any of these testing charges leaving any material 
surplus, such surplus is, after due consideration of 
wear and tear of plant, instruments, etc., distributed 
among the firms or individuals who have had work 
tested proportionately to the amount of the testing 
charges originally paid by them, or the surplus is uti 
lized for such other purposes as the commercial sec- 
tion directs. This section is representative of the fire- 
proofing trade of Great Britain, and organized under 
the auspices of the committee, some seventy-five firms 
and others interested in the trade aspect of fire pre- 
vention participating in the operations. 

The tariff reads as follows: 

For purpose of finance, the cost of the test is di- 
vided into (1) preliminary expenses, (2) establish- 
ment capital, (3) testing charges. 

All firms or individuals not members of a firm de- 
siring tests contribute a donation of $26 to the pre 
liminary expenses incurred by the British Fire Pre- 
vention Committee in forming the station. 

All firms or individuals desiring tests contribute to 
the establishment capital of the station from $50 to 

250, according to the nature of the test and the group 
to which it belongs, as defined below. 

All firms desiring tests pay in form of testing 
charges from $125 to $500, aceording to the nature of 
the test and the group to which it belongs. 

These contributions and charges cover all expenses 
for ground, frame, walls, ovens, or heating apparatus, 
instruments, firing, loading, water, attendance, and 
supervision. No responsibility for breakage of instru- 
ménts, etc., is incurred. 

The firm or individual having work tested supplies 
and fixes his materials, systems or appliances at his 
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own cost, everything pertaining to the actual test be- 
ing covered by his contributions per scale. 

When second tests are desired by the same firm or 
individual, the testing charge, no matter in what group, 
is according to scale, but there is an exemption from 
further contribution to the establishment capital, or 
preliminary expenses. Where three or more tests are 
undertaken for the same firm or individual, a discount 
of 10 per cent off the scale charges is additionally al- 
lewed 

Under exceptional circumstances, at the discretion of 
the executive, and under special conditions to be de 
termined on, tests may be undertaken elsewhere than 
on the committee's grounds 

Quite irrespective of the independent tests, the test- 
ing grounds are, under special conditions, available to 
members of the section for private experiments, private 


investigations, etc., and research work of a private 
character. Every encouragement and facility is af- 
forded to members uncertaking research or experi- 
mental work Such tests have, however, to be con- 


tests and no report on in- 
may be issued by the 


importance that the 


ducted purely as private 
vestigation of this description 
maker, as it is of the utmost 
only reports issued in respect to work carried on at 
the testing station should relate to the official tests 
conducted under the auspices of the committee. 

In framing the reports issued by the committee, it 
is well to again emphasize the fact that every possible 
precaution is taken in wording them to avoid any 
semblance of opinion or comparison. They are drafted 
solely as a bare record of facts, and are intended to be 


read as such 
In the case of makers’ tests, the exhibitor has an op- 
portunity given him to put any grievance before the 


executive prior to the issue of the report dealing with 
his individual and any observations on his part 
receive the full consideration of the executive 

The reports are published at the direction of the 
executive and they are not only distributed among 
the members of the committee but among such non- 
members as is thought advisable, including the officials 
of the leading public offices 


test 


AN AUTOMOBILE PULLMAN CAR FOR TIME- 


TABLE DISTRIBUTION 

One of the many curious sights to be seen on Broad- 
way is an electric automobile with a Pullman body, 
which is used for the distribution of time tables. This 
wagon serves all of the railroad offices, depots, and 
hotels in Manhattan and Brooklyn Some of the 
routes are twenty miles long; and while horses were 
formerly used to do the same work, the automobile is 
found to be more economical. The four steps, the 
large brass handles, the headlight and the tail-lights 
were put on to heighten its resemblance to a railroad 
car. At the rear of the curtains of the windows are 
pigeon-holes or boxes, 164 in all. When filled these 
will hold about 2 tons of folders, and additional 
bundles can be carried upon the floor. The boxes 
are arranged so that the location of any individual 
time table will be the same as the racks in the hotels 
or stations. Motive power is supplied by two General 
Electric motors geared direct from the motor piniop 
to the driving gear Each motor operates a rear 
wheel, the axle being fixed. The source of power is 
forty-four storage batteries of the “Exide” type, thir- 
teen plates to each cell. There are four speeds ahead 
and two speeds backward. The vehicle has a radius 


of the battery, and the maxi- 
hour. The car is lighted 
also lamps in the head 


of 30 miles on one charge 
mum miles per 
by electricity, and there are 
and tail-lights 

Previous to the establishmen 
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livering folders of all roads, sixteen years ago, each 
railroad and steamship line employed a man to carry 
around and distribute the folders. This resulted in a 
great waste; and as there was no system for exchang- 
ing them when changes were made in the running 
time of the trains, the public could not have absolute 
faith in the correctness of the folders. Now, however, 
the time tables of each road are kept in a special par- 
tition of the racks in public places, and exchanges are 
made within twenty-four hours after the time of the 
trains is changed. That the public appreciates this 
system is demonstrated by the fact that over 5,000,000 
folders per year are distributed in the metropolitan 
district. The new car is also an accommodation to the 
traveling public, as they can obtain time tables from 
one of the attendants without having to go to a rail- 
road or steamship office. . 


DEVICES SUGGESTED BY THE JARRING OF 
AUTOMOBILES.* 


Tue task of building a machine of inconspicuous 
dimensions, which may be conveniently placed in a 
vehicle for propelling the same at a high rate of speed, 
is in itself a great one, without making allowances 
for the jarring and racking effect of driving the ma- 
chine over rough country roads or city pavements. 
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TRACY SPARK PLUG CONNECTOR. 
The smallest details ef the mechanism have to be at- 
tended to with the greatest of care, lest some import- 
ant part work loose and bring about disastrous results. 
This has afforded an excellent field for invention in 
recent years. We have illustrated a few of the devices 
introduced, which will give an idea of the great vari- 
ety of inventions suggested by this one feature. 

A frequent source of trouble on gasoline-driven auto- 
mobiles occurs at the connection of the wire from the 
spark coil to the spark plug. Ordinarily, the second- 
ary wire is fastened to the spark plug by binding 
screws. These, however, are liable to work loose suffi- 
ciently to permit the wire to slip off the plug. Even 
with this defect overcome, and a rigid connection 
made, .the wire is liable to break owing to the constant 
jarring and swinging. Our illustration shows a metal 
clip which insures a perfect connection to the spark 
plug under all conditions. The clip comprises two 
spring arms adapted to be slipped over the terminal 
post of the sparker. The clip is secured, not to the 
wire itself, but to the heavy insulation, by projections 
which are bent over thereon. Electrical connection 
between the wire and clip is made by passing the wire 
through openings in the clip and bending it back upon 
itself as shown. A small brass ball is screwed on the 
stem of the spark plug. The clip slips over this ball 
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and clamps it tightly, thus making the necessary con. 
nection to the plug. By fastening the clip to the resili. 
ent insulation of the wire, danger of a break in tne 
same is entirely avoided. 

A more common source of trouble is the jarring 
loose of nuts. The importance of a perfectly reliable 
lock-nut is especially appreciated by automobilists, 
Many inventions have been brought forth to overcome 
this tendency. One of these which has met with great 
success comprises two parts, as shown in our engray- 
ing. The threaded part, or nut proper, Fig. 1, has a 
tapering hexagonal exterior. This is adapted to fit 
into a correspondingly-tapered hexagonal bore in the 
other section, as shown in Fig. 3. In screwing the nut 
on the bolt, the wrench is applied to the exterior mem- 




















COLUMBIA LOCK NUT. 


ber. This causes the threaded members to turn ano 
feed on to the bolt. When the exterior member has been 
seated, further turning with the wrench results in 
drawing the threaded member tightly into the bore of 
the exterior member. The threaded member, it will be 
observed, is a split-nut, so that it will be compresse:| 
on being drawn into this tapered bore, thus grippinz 
the bolt more tightly. 


DENSITY OF GASOLINE REQUIRED TO OBTAIN 
GREATEST HORSE POWER AND MOST EFF! 
CIENT WORKING OF GASOLINE MOTORS. 


A SERIES of experiments have been carried out i) 
England with a view to determining the specific grav 
ity of gasoline for the most efficient working of gas« 


line automobile motors. Some manufacturers hav 
experienced considerable difficulty in developing th: 
anticipated and theoretical horse power from thei 


motors on the test stands, a fact ultimately assigned t: 
the varied density of the gasoline. Some engines hav 

proved to be more efficient in their working with ; 
spirit of 0.685 specific gravity, while, on the other hand 
it is contended by distillers that a density of 0.72! 
is in every way as suitable for use in internal com 
bustion engines as generally used on automobiles 
Until the advent of the motor car, gasoline was practi 
cally a waste product of the petroleum refineries, with 
the result that a large stock of spirit varying from 
0.680 to 0.685 density accumulated. When the gasoline 
motor was introduced, however, it was designed to 
work with a spirit of this specific gravity, and now the 
density has been incréased, the engines fail to produce 
such good results as were previously obtainable. The 
Daimler Motor Car Company, of England, have carried 
out a series of tests with spirits of 0.690 and 072! 
densities, to obtain conclusive data as to whether the 
attributed loss of power was due to the heavier spirit 

Five brake tests were made as follows: 





P | | 
Specific gravity Engine speed.| Load in 








of spirit. pounds. | Fuel in pints, | Time of run. 
0.725 980 revs. | 85 4 | 23 mins, 
0.725 1,000 reve. Nt 2 } 11.1 mine. 
0.690 1,000 revs. 88 4 22 i mins. 
0 490 1.000 revs. om 2 11.28] mins. 
0.680 1,000 reve. 89 2 il mines. 





From the foregoing it will be recognized that there was 
an approximate advantage of 5 per cent increase in the 
development of power by the utilization of motor spirit 
of 0.690 density than with that of 0.725 specific gravity 
There was also another disadvantage accruing from 
the use of the heavier spirit. Combustion is not so 
perfect, which fact tends to produce a sooty deposit in 
the combustion chamber, and which in a short space of 
time fouls the sparking plug and causes misfiring. In 
fact, a great majority of the troubles arising from the 
employment of gasoline motors is attributable to this 
cause. To a certain extent, the defect can be remedied 
by the regulation of thie supplementary air supply to 
the carbureter, to insure more perfect carburetion, but 
there are a@ great number of cars not equipped with 
this means of combating the evil. Taken on the whole, 
engines balanced to run at high velocities should not 
be supplied with motor spirit the specific gravity of 
which is greater than 0.70C; and the nearer the density 
approaches 0.685, the greater will be the power de 
veloped by the engine. In the cases of slow-running 
engines, the difference is not emphasized to such a 
degree. 
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Some automobilists Who have experienced difficulty 
in this connection have sought to increase the dynamic 
force of the motor spirit by the addition of picric acid, 
and similar inflammable and highly volatile 
gases This expedient, however, while being attended 
with certain augmenied risks concerning explosion, 
exercises a deleterious effect upon the engine. For in- 
stance, picric acid will form a deposit in the carbureter, 
not only corrosive in character, but which will also in 
a short time choke the holes of the spray and thus 
seriously impede vaporization of the spirit, thus neces- 
sitating more frequent cleaning of the carbureter. 
Thus the remedy becomes worse than the disease, un- 
less extreme care and attention are exercised. 


ether 





SEPARATION OF THE HIGHER ACIDS OF 
PEANUT OIL.* 
nouT taking part with any of the writers as to 
the value of the method proposed by M, Jean, to replace 
that of Renard for the separation of arachidic acid, it 
may be affirmed that the latter, which has rendered 
till renders very great service, has a very serious 


s 


an 
disa vantage, which manifests itself in the filtration 
an’ washing of the lead soaps by means of ether. 
Th form a glutinous mass, whose rapid evaporation 
of solvent renders the washing long and trouble- 
so 

ive not verified the fact whether potassium ara- 
chi .te is insoluble in alcohol in presence of an excess 
of ‘kali, but knowing that the acid salts of the solid 
fa acids, and in particular the acid salts of arachi- 
di id, are less soluble in alcohol than the neutral 
sa I concluded that this property would permit the 
ea reparation of this characteristic body. 

operation is effected in the following manner, 
fo hich a larger quantity of material may be em- 
pl i than in the Renard process. 

e oil is saponified and the fatty acids separated 
in ve usual manner; then these last are dissolved in 
90 eg. alcohol. A definite volume is divided into two 
e parts, of which one is exactly saturated, hot, 
W potassium in presence of phthalein. By adding 
te is neutralized portion the other half of the solu- 
ti and letting it cool to 40 deg., the soap is precipi- 
ti in the crystalline state. After standing some 
tire, it is placed on a hardened paper filter, which is 
fas ened to the blowing apparatus. The precipitate is 
r solved, hot, in 90 deg. aleohol and again filtered 
af\ r standing some time in the cold. The acid salt 


is ried between folds of paper. Then it is suspended 
in water, decomposed with chlorhydric acid, and 
W ed, first with distilled water, then with 70 deg. 
al hol repeatedly, for the purpose of dissolving the 
pi itic and stearic acids. Finally, an acid melting 
at ‘bout 70 deg. is obtained. 
he great advantage of this process consists in this, 
tl the precipitate of the acid soap, being crystalline, 
filiers and washes very well, and in the fact that its 
solubility in alcohol is less than that of a neutral 
salt, or than that of acids at a less elevated fusing 
point 
his method, however, does not appear capable of be- 
ine used for the separation of various solid acids by 
en ploying alcohol of different degrees of concentration. 
SUGAR TRUST CAPITALIZATION. 
WHAT H. 0. HAVEMEYER SAYS OF IT. 

luovucu the capital stock of all the companies it 
banded together aggregated only about $6,590,000, it 
o:zanized itself on a basis of $50,000,000. Now one of 
t especial dangers of trusts is a tendency toward 
o\er-capitalization—the selling of more shares to the 
public than can truly exist upon a basis of cash value. 
\\hat did the additional forty-three and a half mil- 
ms represent? Questions like that came from the 
»vernment in course of formal inquiry. 

“I am not able to see,” remarked the government 
questioner, “how businesses that were not profitable 

fore could increase in such a rapid way.” 

Mr. Havemeyer made it simple for him: “You and 

are in business, and we run our business to suit 
irselves. I say: ‘Let us form a trust.” You say: 
No; I don’t care to go in.’ I go alone and put up 
e price of sugar a quarter of a cent, and that en- 
bles you to make a fair profit. Now I say to you: 
Vhat do you want for your plant?’ The plant is 
orth a million, but you won't sell to me for less than 
wo millions. I can make more money by buying 
hat plant for two millions under the advance of the 
rice of sugar than I can by leaving you out (as a 
ival).” 

All sugar-mills become more valuable because of 
onditions that were “about to prevail.” Not alone 
1e good-will and the possible earning capacity had to 
e paid for, but also the proprietary trade-marks, 
1iough they would seem to be included as part of the 
carning capacity. Oné of Mr. Havemeyer’s sayings is: 
| would rather have a celebrated trade-mark than a 
iillion-dollar plant.” 

He gives an illustrative incident: 

“When refineries outside the trust were struggling 
or business, and the Arbuckles started in to fight me, 

telegraphed to the trust refineries in New Orleans, 
soston, and Philadelphia to ‘put the Havemeyer & 
‘der stencil on each barrel of sugar;’ and they did, 
ind people would not buy other sugar when Have- 
neyer sugar could be had at the same price. Our sales 
umped a third at once. Arbuckle then had to sell at 
en cents off.”—The Century. 


FLEXIBILITY OF COATS OF VARNISH AND 
PIGMENTS. 


Ir is well known that these coats often need to 
pessess considerable elasticity, to enable them to fol- 
low deformations of the surface below them without 
racking. This is, of course, particularly necessary on 
a flexible material, such as leather or oilcloth. 

Most coats are flexible enough when only just dry. 
The brittlest spirit varnish can be applied to paper, 
which can then be folded as soon as the varnish is 
dry, without cracking, but a few days afterward it 











* Translated ‘for the Sctentriric AmERIcAN SupPLEMENT from the 
French of M. G. Perrin in the Moniteur Scientifique, 
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will split if the paper is only slightly bent. Every oil 
varnish has this elasticity when only just dry, but 
loses it as soon almost as spirit-varnishes. As a mat- 
ter of fact, all the varnishes are not absolutely dry 
when they still retain their pliability. The last traces 
of the solvents employed in their manufacture disap- 
pear rather slowly, and as long as they are present the 
coat remains elastic. Again, linseed oil keeps a var- 
nish longer pliable than a volatile solvent does, but 
just as the latter evaporates, the linseed oil oxidizes 
and becomes resinous and brittle. The thinner the 
coat, too, the better. Hence, for metallic capSules 
which are stamped out of sheets previously painted 
and varnished, those colors are chosen which have 
the most body, so that the coating may be as thin as 
possible, and that one coat may be enough. The stamp- 
ing must, of course, be done directly the paint and 
varnish appear dry. When we consider that only 
spirit-varnishes are used for capsules, the success 
achieved by using very thin coats is sufficiently strik- 
ing. With thick metal, a varnish can be applied which 
will stretch where the metal is stretched with deforma- 
tion, but one has yet to be invented that will conform 
to the depressions in the metal. Here all known 
varnishes crack and peel off.—Farben und Lack Zeit- 
ung. 








LUMINOUS BUOYS. 


As useful as the lights that illuminate the coasts 
may be, whether lighthouses, lightships, or buoys, it 
is self-evident that economy is necessary in the matter, 
and the more so in that these different lights are ex- 
tremely numerous, even upon quite a limited extent of 
coast. So competent men in the lighthouse service 
are always trying to invent devices capable of operat- 
ing automatically day after day, in order that it shall 
not be necessary to pay a number of persons to watch 
and feed them. It is in such a spirit that the French 
Lighthouse Service has established some lightships de- 
signed to operate without keepers. On the other hand, 
in the number of smal! lighthouses, of isolated lights 
in alignment, and of lighthouses constructed more or 
less in the open sea and that are often not easy to 
reach in order to clean the lighting apparatus, it was 
likewise necessary to find a combination of light cap- 
able of burning for several months without a keeper. 
Such a result has been attained by the use of petrol- 
eum, along with a wick upon which is deposited, before 
putting it in service, a regular layer of carbonized tar. 








Fie. 1.—A LUMINOUS BUOY LIGHTED. 


The vaporization of the oil takes places laterally, out- 
side of the parts where the deposits of tar produced 
by combustion accumulate, and the flame is capable of 
keeping up for a long time without such accumulation 
introducing any perceptible modifications in its opera- 
tion. The same object has been aimed at in buoys, 
the form of which, moreover, has been experimented 
with to at least as great an extent as the mode of 
lighting, since it is necessary to give them sufficient 
stability to prevent them from oscillating too violently 
when rocked by the waves, as this would have the 
effect of almost constantly masking the light that they 
carry at their summit. In principle, the light adopted 
is furnished by oil gas, manufactured and compressed 
according to the Pintsch process. 

At certain points buoys of this kind have been sub- 
stituted for lightships, though not for lights marking 
important alignments, but for others designed for 
signaling dangers that navigation is obliged to steer 
clear of. In such a case, it is even possible to put 
several buoys in place of a single boat, and, conse- 
quently, to fix the limits of the rock to be avoided, 
instead of simply indicating its approximate center; 
and this can be done, too, with considerably less ex- 
pense. We have no intention of describing the various 
luminous buoys placed in this way upon the French 
coast, but shall speak only of the two large 530 cubic 
foot ones which have been anchored upon the plateau 
of Rochebonne off the coast of Vendée, and which 
carry, at 26 feet above the loadwater line, a stationary 
light apparatus of 7.5 inches focal distance and of a 
power of 40 carcels. These buoys are anchored in 
water 165 feet deep, and are stable in all kinds of 
weather. Moreover, if we examine their form,. we 
shall see that they are provided beneath with a cyl- 
inder which prolongs the float and permits of placing, 
at 26 feet below the loadwater line, a ballast that 
lowers the center of gravity beneath the center of 
the cylinder and therefore assures an almost perfect 
stability. Consequently, under the influence of the 
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waves, they undergo only vertical motions of emersion 
and submersion, and their light appears effectively 
stationary instead.of exhibiting the periodical occulta- 
tions of the ordinary buoys submitted to the action of 
rolling. With duplex gas burners the consumption is 
4.25 cubic feet an hour. Some of these buoys have a 
carrying power sufficient to support 7,700 pounds of 
anchoring chain, and are consequently capable of being 
anchored in very deep water without their stability 
being thereby affected. Let us add that the cost of 
the first establishment of a large buoy, capable of re- 
placing a lightship, is about $6 per cubic foot, and that 
the annual cost of maintenance appears never to ex- 
ceed $400, while the cost of the first establishment of 
a lightship is something like $1,715 per cubic foot, and 
the annual cost of maintenance $8,000 

Luminous buoys are becoming more and more em- 
ployed by the French Lighthouse Service, notably on 
the Maritime Seine for the tortuous and shifting chan- 
nels that are met with in the estuaries of the river. 
Here, of course, there is no longer any need of giving 
them a great luminous range.—Translated from La 
Nature for the Scientiric AMERICAN SUPPLEMENT. 


EXPERIMENTS OF M. MOISSAN. 


M. Henri Morssan has lately succeeded in produc- 
ing fluorine in the solid state, by means of the in- 
tense cold obtained by liquid hydrogen. Several 
years ago M. Moissan first produced gaseous fluorine 
by means of an electrolytic apparatus and _ then 
showed that the gas liquefied at —187 deg. C. Since 
Prof. Dewar succeeded in producing liquid hydrogen, 
boiling at —252.5 deg., or at 20.5 deg. from the absolute 
zero, the cold which was thus reached enabled the 
experiment upon the liquefaction of fluorine to be 
carried out more easily, and the work was taken up 
a short time ago. Since the first experiments it was 
found that fluorine which was quite free from hydro- 
fluoric acid did not attack glass at the ordinary tem- 
perature and so the gas could be contained in a glass 
vessel with thin walls and submitted to the intense 




















Fie. 2.—TWO TYPES OF LUMINOUS BUOYS. 
cold produced by the liquid hydrogen. The gaseous 
fluorine could not be condensed by using liquid 
oxygen, but when a sealed tube full of the gas was 
placed in a double-walled vessel full of liquid hydro- 
gen, the gas was observed to condense into a yellow 
liquid. The liquid takes the gaseous state again 
when the tube is drawn out of the vessel. Upon re- 
placing the tube the fluorine condenses again to a 
liquid and the latter then assumes the solid state. 

This is the first time, therefore, that solid fluorine 
has been produced. By plunging the tube completely 
into the liquid hydrogen and allowing it to reach the 
temperature of 20.5 deg. (absolute), it was found that 
the solid fluorine, which was yellow at first, now became 
white. This phenomenon is the same as that which is 
furnished by chlorine, bromine and sulphur. At a very 
low temperature a certain number of bodies lose their 
color and become white. By placing the fluorine in 
liquid nitrogen it is demonstrated that it remains still 
in the liquid state at —210 deg. C. The comparison 
was then made between the melting points of solid oxy- 
gen and solid fluorine as follows: The end of the 
sealed tube containing the fluorine was placed in a 
small glass cylinder full of liquid oxygen and the whole 
placed in the liquid hydrogen. The oxygen and the 
fluorine are both solidified. The tubes are withdrawn 
slowly from the liquid hydrogen and both the bodies 
commence to melt. The oxygen, however, becomes melt- 
ed while the fluorine is still solid, and thus the melting 
point of fluorine is below that of oxygen, which is 38 
deg. above absolute zero. By repeated experiments it is 
shown that the melting point of solid fluorine is about 
40 deg. absolute or —223 deg. C. 

Another point brought out in the experiments is the 
question of chemical affinity at these low temperatures. 
It is supposed that at the absolute zero, matter is inert 
and chemical affinity no longer exists. It was of inter- 
est therefore to see whether solid fluorine kept at 20.5 
deg. above absolute zero (or 252.5 deg. C.), would re- 
act upon liquid hydrogen, and if the fluorine would 
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continue to combine with bodies with its accustomed 
energy. 

To carry out the experiment a thin glass tube is 
used containing 40 c. c. of gaseous fluorine. It was 


completely solidified in one of the pointed ends of the 
tube and the latter was then placed in a considerable 
volume of liquid bydrogen When its temperature 
reached that of the hydrogen, the point of the tube was 
broken so as to make contact between the solid fluorine 
and the liquid hydrogen. A violent explosion is at once 
produced, setting free such a great quantity of heat 
that the matter was brought to incandescence and the 
hydrogen took fire The explosion was strong enough 
to reduce to powder the glass tube and the vessel con- 
taining the hydrogen. This very significant experiment 
shows that for energetic reactions such as that of 
fluorine upoh hydrogen, the affinity is maintained at 
very low temperatures and that certain combinations 
can still be produced within 20 degrees of the absolute 
zero. The solidification of fluorine is therefore to be 
added to the previous work in this line, and at present 
helium is the only gas which has not been brought to 
the solid state 


A CONSIDERATION OF PHOSPHORESCENT 
FLUORESCENT SUBSTANCES.* 


AND 


By Wittiam J. HaMMER 


Sir name of “fluores 
certain substances 
waves of ultra-violet 
them into 
visible to 


STOKES given the 
which 
short 
and transforming 
that they become 


Grorut has 
cence tu the phenomena 
present in altering the very 
light, which are invisible 
waves of longer length so 
our eyes 

In lectrical 
be termed a step-down 
correctly a frequency 
as a result of his investigations, framed this law: 
“When the refrangibility of light is changed by fluores 
cence it is always lowered and never raised in other 
words he emitted during fluorescence are al 
ways which are caus 
ing fluorescence rhere are, in where the 
frequency of the radiations but where 
there is such an exception to some sort 
of chemical 

The lowering of the frequency of 
radiations, so as to render them 
to Brewster in 1833 and Herschel in 
terming it internal and the latter surface dispersion; 
but it was first explained and the name given to it 
by Stokes in 1852, after a form of fluorspar 

In the case of fluores the 
substance is 


the case of 


substance might 
perhaps more 
Stokes 


parlance a fluorescent 
transformer or 


change for light waves 


waves 


than absorbed, thus 
fact 
increased ; 


law 


longel those 


cases 


Stokes 


reaction occurs 
ultra-violet 
visible, was known 


1848, the former 


certain 


emission of the light 
stimulated by 
phosphores 


cence 
lasts only so lone as the 
incident beam; but in the 
emission of light continues or persists after 
stimulation has ceased, or the original has 
removed The word phosphorescence is from the 

phosphoros,” meaning light 


has suggested 


the 
cence, the 
the source 
heen 
bearer 
the name 
phosphorescence 
possessed by many 
unaccompanied by 
light waves 
cover the 
substances 


Greek 
Prof. E. W 


escence to 


lumin 
and 


sub 


edemann 
cover fluorescence 
that 
light are 
temperature of ordinary 
hardly be made to 
from radioactive 


character 
emissions 


phenomena of 
stances w hose 
flame or by the 
but this term can 
Becquerel rays emitting 


| have here to-night a collection of tubes contain 
ing fluorescent liquids, such as petroleum, quinine, 
Magdala red, eosin uranine saffronine, paviine 
wsculine amidophthalic acid, fluorescine, rhodamin 
etc., all of which show most beautiful 
changes in color when viewed by direct and trans 
mitted light 

I also have some of the fluorescent hydrocarbon 
“thalleen prepared | the late Prof. Henry Morton 
and some of those most beautiful fiuorescent sub 
stances, resorcorufin and resorcin blue, for which | am 
indebted to Dr. Geyer of Stevens Institute Fluores 
cent substances are particularly beautiful in the ultra 
violet light for instance The yellow fluorescence 
becomes a most beautiful green; the orange colored 
eosine becomes gamboge; the crimson color of Magdala 
red a bright scarlet the straw colored wsculine be 
comes a pale blue the transparent and colorless 
quinine gives its characteristic blue surface tint; the 
paraffin oil a beautiful blue and the various other 
substances giving a beautiful surface color quite dif 
ferent from that of the interior of the solution 

Small pieces of horse-chestnut bark or bark of the 


ash tree placed ina dilute ammoniacal solution produce 
a most beautiful fluorescent effect, as the dyeing ma- 


terial descends slowly through the liquid 


Flowers painted with these fluorescent substances 
on cardbroad produce a most beautiful effect when 
light screened by dark blue or violet glass is thrown 
upon them 

Sodium vapor fluoresces brilliantly in sunlight 

I also have here samples of tungstate of calcium, 
platino-barium cyanide, sulphide of zinc, and similar 
preparations which have been extensively used in the 
fluorescent screens for X-ray work 

Here is a specimen of willemite which when ex 


the bright 
electrodes 


pesed to the ultra-violet light produced by 
snappy condenser spark between iron 
shows a magnificent fluorescence 

Here is a card with the words written with a solution 
of platinobarium cyanide which fluoresces beauti 
fully when exposed to the ultra-violet light of the iron 
are, especiaily when shielded by the accompanying 
plates 
one of 


these 


colored glass 
I have also 
ultra-violet ser 


Prof. R. W. Wood's interesting 
consisting of four plates of cobalt 
between which are gelatine films containing 
nitroso-dimethyl-aniline with copper oxide, which 
screen when employed in front of the arc lamp renders 
beautifully fluorescent a lump of uranium nitrate held 
in the focus of the invisible rays 
Through the courtesy of Dr. Von 


eens 


glass 


Recklinghausen, |! 


am enabled to show you a Cooper-Hewitt tube which 
is inclosed in a screen soaked in rhodamin, the best 
substance which thus. far has been found which is 


fluorescent in the light of the mercury are 


* Abstract of lecture delivered before a joint meeting of the Amer, Inet, 
of Electrical Engineers and the Amer, Chemical Society. 
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It is well known that many bodies become red-hot 
at a temperature of between four and five hundred de- 
grees Centigrade, and to make them white-hot a tem- 
perature of between eight hundred and a thousand de- 
grees is necessary; but there are many substances 
which are phosphorescent and which possess the prop- 


erty of giving off considerable light without sensible 
heat. 
I have here some samples of two phosphorescent 


substances which have been known for many years— 
one of them a sulphide of barium or Bolonese phos- 
phorus, and the other a sulphide of calcium or Can- 
ten’s phosphorus. The former was discovered in 
1602 by Casciarlo, a shoemaker in the city of Bologna 
who prepared it by the partial calcination of a certain 
powdered heavy spar mixed with a little flour meal, 
which he roasted in the furnace; and found afterward 
that when exposed to sunlight it would shine in the 
dark. This preparation was succeeded by the discov- 
ery of John Canton, who calcined oyster shells with 
charcoal and meal in a closed crucible, thus producing 


a brilliant phosphorescent substance called after his 
name 
Phosphorescence by insolation—or exposure to sun- 


light—has been extensively investigated by Profs. 
A. E. Becquerel and J. W. Draper 

Practically all substances in nature are phosphores 
cent, and although some of them remain phosphores- 
cent for only one ten-thousandth of a second, others 
retain their phosphorescence for hours 

One may sulphide of calcium to 
and after placing it in a dark room for 
will still affect a photograph plate 

Phosphorescence may be stimulated in many ways— 
by combustion, pounding, rending, friction, by the 
vibrations from sources of heat, light, or electricity; 
and these various phosphorescent substances are very 
susceptible to temperature changes 


sunlight, 
six weeks it 


expose 


Various substances also phosphoresce while under- 
going crystallization 

I have here a large sheet of cardboard which has 
been prepared for me by Messrs, Devoe & Co., which 
is covered with seven coats of Balmain’s luminous 


paint or poly-sulphide of 
trace of bismuth, and mixed with aerated varnish; and 
it has been put through hot calender rollers. You 
will note that this phosphoresces most beautifully when 
excited by burning this piece of magnesium wire be 


calcium, with perhaps a 


fore it, or by focusing the are light upon it. This 
phosphorescence soon dies out, however; but upon 
piacing my hand against the sheet, the heat of my 
hand has caused the card to brilliantly phosphoresce 
A cold object placed against the cardboard will 
very much lessen the phosphorescence at that point 

When I place this bust of Franklin between the 
are light and the phosphorescent cardboard, you will 
note I can thus produce a fine silhouette of that dis- 


tinguished philosopher 

I have prepared for your consideration a number of 
objects coated with phosphorescent substances. When 
I burn this piece of magnesium wire in front of this 
ecard, or hold it before the are light, you will note the 
initials of the A. I. E. E. and the A. C. S., the two 
societies before which I have the honor of appearing 
to-night, shine out brightly. I also have a number of 
incandescent lamp bulbs, coated internally and extern- 
ally with phosphorescent substances, which you will 
note give considerable light when stimulated by the 
burning magnesium; or by turning on the electricity 
supplying certain of the lamps. 

[I remember nearly twenty years ago having cut 
out tiny stars from cardboard and painted them with 
luminous paint, and arranged them on the ceiling of 
my bedroom to represent certain of the principal con 
stellations in the heavens. These stars would absorb 
the light during the day time, and at night would 
represent an appearance as though the roof had been 
removed and one was looking at the stars in the sky 

I have here a philosophical toy which I made years 


ago, with which I can show the varying phases of the 
moon, I have taken a 25-cent globe, and painted half 
of it with black japan, as representing the dark side 
of the moon which is never seen, the other half I 
have painted with a number of coats of luminous 
paint; and by exciting the phosphorescence of this 
half by the burning magnesium, you will see that 
by slowly turning the globe around, a perfect repre- 


sentation of the varying phases of the moon occurs 

I hold in my hand here a long tube coated inside 
with sulphide of calcium, which makes a _ beautiful 
wand, which an orchestra leader might use in a dark 
scene. I remember years ago fixing up a vacuum tube 
and coil for use as a baton in the dark scene in Gil 
bert & Sullivan’s opera of Ruddigore, and fearing lest 
the complaisant leader be some day knocked off his 
stool by the 8-inch coil 

Here are a couple of postal cards which I secured 
in Europe showing the Blue Grotto at Capri They 
are printed with phosphorescent paints; and on expos- 
ing them to the light, you will see they are exceedingly 


pretty. 
Prof. Dewar has shown that eggshells, feathers, 
ivory, and paper become brilliantly phosphorescent 


if they are cooled to about 200 degrees below zero by 
use of liquid air, and then exposed to light. Many 
bodies seem to possess this power of absorbing energy 
at low temperatures and giving off light at higher 
temperatures In fact, Dewar has observed that at a 
temperature approximately that of the boiling point 
of oxygen (184 deg. C.) all bodies, even living tissues, 
become phosphorescent 

I have here a collection of forty or more glass tubes 
containing various phosphorescent substances which, 
when I burn this magnesium before them, you will 
note become brilliantly phosphorescent, showing red, 
yellow, green, blue, and in fact, all the colors of the 
spectrum. The sulphides of calcium, barium, stron- 
tium, zine, ete., largely enter into their composition. 
I also have here some fine particles of fluorspar, which, 
when scattered on this hot plate, glisten like fireflies 

A similar effect may be produced by quinia or its 
sulphate which when spread on a sheet of paper and 
laid on a hot metal plate in a dark room, shows a re- 
markable phosphorescence which develops at the edges 
and spreads to the center 

Boracic acid fused and allowed to cool breaks into 








June 20, 1903. 








small pieces, and along tne cracks prosphorescent 
light appears. Potassium sulphide fused with creay 
of tartar shows the same phenomenon. 

Phosphorescent ether may be prepared by digesting 
phosphorus in ether for some days in a tightly-corkeg 
bottle, and when a lump of sugar is dipped into this 
and dropped into a glass of water, the surface appears 
quite luminous. 

The stream of particles, so thoroughly investigated 
by Prof. Crookes, was given the name of “cathode 
rays” by the Germans, as a protest against Crookes’ 
theory of molecular streams propounded by him at 
the British Association meeting in 1879; Lord Kelvin 
has told us that the smallest particle which can be ob 
served by the most powerful microscope contains 18 to 
20 million atoms, and although until recently the 
smallest particle we could conceive of was the aiom 
of hydrogen, this being the lightest of gases, Prof J 
J. Thomson has now shown us that these atoms may 
constitute a thousand fragments, or as he calls them, 
“corpuscles,” and Crookes showed us, and Villard of 
Paris recently demonstrated conclusively that the ¢a- 
thode rays consist of a stream of these hydroxen 
corpuscles negatively charged and moving at a speed 
approximating 70,000 miles per second; and as illus 
trating the complexity of an atom, I am reminded by 
Prof. Hallock that the late Prof. Henry Rowland once 
said that a Steinway grand piano was a comparatively 


simple piece of mechanism compared with an iron 
atom 
Prof. Crookes has shown many notable experime its 


in which substances have been caused to phosphore sce 
inside of the Crookes tube by the molecular bombard- 
ment of “cathode rays’; and I have here some [ne 
Crookes tubes containing red and white coral, rub °s, 
calcite, lava, ete., which you will note phosphore: ce 
finely. (I am indebted to Messrs. Queen & Co. ‘or 
certain of these.) 

Prof. Crookes has made a diamond so phosphores 
cent inside of a Crookes tube as to give a full can: le- 
power of light. Rubies, emeralds, corals, fluorspir 


lime and many other substances similarly phosph »r- 
esce in the Crookes tube. 
I have here a Crookes tube containing calcind 


seashells, which, on connecting to the induction coil, is 
caused to give off a most brilliant light, and the glo ve 
and contents to phosphoresce long after the current is 
shut off. 

Here again I have a tube containing four separate 'y 
exhausted sections, which are filled with phospho: 
cent substances, and a tiny tube passing through l 
of the partitions of the tubes, and being connected wi h 
the electrodes at the end. On connecting this to t 
induction coil a luminous gaseous stream is seen n 
the tiny tube, and the discharge accompanying it 
fects powerfully the phosphorescent substances whi: 


you will note, are colored green, yellow, and bli 
after the current is shut off 
I have here also a Crookes “radiometer,” the vans 


of which are painted with phosphorescent substanc: 
and on connecting the radiometer to the coil the elk 
tricity rotates the vanes and causes them to become 
highly phosphorescent. 

At a meeting of the Institute on January 3, 1% 
through the courtesy of Mr. Edisen, | was enabled io 
present some of Mr. Edison's’ tungstate-of-calciuim 
lamps which have sometimes been called Edison X-ray 
lamps. These lamps were Crookes tubes, the interior 
walls of which were coated with fused crystals of 
tungstate of calcium, which were caused to phosph« 
esce most dazzlingly when they were connected to an 
induction coil. fhrough an accident to my lar: 
coil, | was unable to show these tubes working as p« 
fectly as I should have liked; and to-night I will sho 
you as an evidence of good faith some of them opera 
ing as they should operate, and giving a most powerfu! 
light. Incidentally, [ am going to show you that thi 
cannot properly be called an X-ray lamp, although a 
form of X-ray tube is employed, as it is not the X-ray 
outside but the cathode rays inside of the tube whic 
produce the phosphorescence. This tube which I hay 
here and which I have coated with tungstate of ca 
cium and platino-barium-cyanide on the outside, | wi 
now place underneath an ordinary Crookes tube, tha 
it may be exposed to the X or Roentgen rays; an 
you will that while the coated surface fluoresce 
as any fluorescent screen will when exposed to Roen| 
gen rays, the moment these rays cease there is abs« 
lutely no phosphorescent effect, there being no persist 
ence of the luminescence. 

Now, another thing which I think I can show yo 
is that, while cathode rays produce by their action o1 
the interior wall of the glass tube a secondary effect o 
ether pulsations on the exterior which are Roentge! 
or X-rays, I can now produce the converse of thi 
by bombarding the outside of the Edison tube by th: 
Roentgen rays from the Crookes tube, as you will se: 
then that I have caused cathode rays to be stimulate: 
in the interior of the tube which is merely held nea 
it, causing the tungstate of calcium to become bright], 
phosphorescent; and you will note that I can deflec 
the cathode rays with a magnet. I believe this is th: 
first time this conversion of Roentgen rays into ca 
thode rays has been accomplished and is rendere: 
possible by this form of tube. 

There are many commercial applications which may 
be made of this curious property of phosphorescenc¢ 
Life buoys have been painted that they may be see! 
when thrown overboard; sheets of cardboard, such at 
I have shown you, have been used to give light ir 
powder magazines. I have also suggested the paint 
ing of projectiles with phosphorescent substances fo! 
use at night in war times. Phosphorescent clock ani 
watch dials have been made in large numbers, and i: 
has been suggested to make house numbers, door knobs 
and escutcheons for key holes of such materials, cover 
the walls with luminous paper, and even paint the 
houses with luminous paint 

The taps or keys of incandescent lamp sockets and 


see 


switches might be made of glass containing phos 
phorescent material, or the cases nainted as I have 
here done, so that they could readily be seen in the 


dark; and doubtless certain phosphorescent substances 
might be used to considerable advantage in connection 
with various types of vacuum tube lighting and for 
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vacuum tubes used in connection with wireless tele- 
graphy. 

I hold in my hand a tiny tube which 1 secured in 
Paris, which contains what is perhaps one of the most 
prilliant phosphorescent substances that has yet been 
discovered. It is a special preparation of sulphide of 
zinc. Here is a second tube containing some of the 
sulphide of zinc, which also has mixed with it some 
radium. 

A tube of this mixture may be put away in the dark 
for years, and the radium will act on the zinc, causing 
it to phosphoresce brilliantly. 

Who will say that we shall not some day find a 
substance which will be so powerfully acted upon by 
the emanations from radium that it may be used as 
a source of light? 

Here I have a tube which I have made on the sug- 
gestion of Prof. Curie, consisting of two bulbs with a 


stopcock between, in one of which may be placed sul- 
ph of zinc, or similar substances, and in the other 


radium; and inthis manner the radioactivity of various 
suistances may thus be investigated. 

tube containing chloride or bromide of silicon 
an! exhausted to 12 or 15 mm., and sealed, will when 
r ed briskly with silk glow in one case a rose color 
al in the latter a greenish yellow. 

hold in my hand here two Geisler tubes, each con- 


taiving an inner tube with beaded surfaces. In each 
of he outer tubes is a small amount of quicksilver; 
a n one tube nitrogen gas, and in the other carbonic 
a gas. By shaking these tubes rapidly the friction 
of! ‘he quicksilver against the glass produces electri- 
( which causes the gas to become luminescent. 
\ ous other gases may be thus employed, producing 


d rent color effects. 
has been suggested that life buoys could be equip- 
l with a number of mercury tubes, circular or other- 

, and set in different positions, so that the rolling 
he buoy in the sea would constantly agitate the 
cury and render the tubes luminous. 
ere is a tube containing mercurial salts, which 
iges greatly the color of its phosphorescence by 
ing the tube in alcohol flame. 
1 this box I have a large spiral glass tube which 
xpanded into bulbs at various points throughout its 
zth. This tube, for which I am indebted to my 
nd, Dr. Geyer, contains sulphuric anhydride; 
| you will note when I connect this to the induction 

and send a discharge of electricity through it 
t the gas inside of the tube becomes phosphorescent 

remains so for a considerable period after the 
tricity is cut off. 

have here a bottle containing phosphorus and olive 

which you will see becomes most brilliantly phos- 
rescent when I withdraw the stopper, and allow the 

to enter the bottle. The phosphorescence in this 
e is due to combustion, or to the oxidation of the 
iid. I can also write phosphorescent characters on 
s ground glass plate wet in hot water with this 
ck of phosphorus. Other forms of phosphorescence 
are caused by chemical changes or the slow combustion 
of decaying vegetable matter or decaying fish. 

Occasionally clouds show a phosphorescent light at 

ght; snow is phosphorescent after exposure to sun- 

zht, and no doubt many substances retain during the 
ght the phosphorescent light imparted by the sun’s 
iys during the day. 

There are also many insects, such as fireflies and 

owworms, and many deep-sea fishes which have the 
roperties of producing phosphorescence. Phosphores- 

nee is exhibited among other animals by the infusor- 

n noctiluca, marine radiates, polyps, etc., which are 

e principal causes of phosphorescence of the sea. 

The tropical beetle Pyrophorus noctilucus has been 

ost carefully studied by Prof. S. P. Langley and F. W. 
Very, and the efficiency of the light given off tested by 
he Langley bolometer; and they have demonstrated 
hat practically all the energy which its phosphores- 
ence represents, appears as light; and the light given 
off by this insect is the most efficient light known, it 
being produced at about one four-hundredth part of 
the cost of the energy which is expended in the candle 
flame.* 

Sir Oliver Lodge says if the secret of the firefly 
were known, a boy turning a crank could furnish 
sufficient energy to light an entire electric circuit. 

And Prof. Langley says, “There seems to be no rea- 
on why we are forbidden to hope that we may yet 

iscover a method (since such a one certainly exists 
and is in use on a small scale) of obtaining an enorm- 
ously greater result than we now do from our present 
means of producing light.” 

Langley believes the light of these insects is due 
to chemical action, as it is decreased by nitrogen, 
which checks combustion, and is increased by oxygen, 
which increases combustion, and furthermore, the pro- 
duct is apparently carbon dioxide. 

We also may produce phosphorescence by rubbing 
crystals together, or by friction of other bodies, or by 
cleavage, such as fracture of lump sugar in the dark. 

Among plants, phosphorescence was first recorded by 
A. Linneus, whose daughter discovered it in the 
nasturtium. Phosphorescence or flashes of light are 
often observed in the common red and yellow marigold, 
the tuberose, sunflower, poke weed, martagon-lily, the 
poppy, the root stock of khus-khus grass, and the sap 
of certain tropical vines and subterranean plants, in 
some liverworts, ferns, mosses, fungi and alge, and the 
mycellum of fungi in decaying wood. This phosphor- 
escence is said to be due to slow decay and oxidation, 
either in the mycelia or fructifications of the fungi. 
Heat and dryness soon dissipate it. 


JUPITER AND HIS GREAT RED SPOT. 


Tuoven Jupiter has been unfavorably placed for 
European observers during the present year, his sur- 
face markings have been ex‘remely interesting, of 
great variety and in plentifui aumbers. The English 
climate, even at its best, can scarcely be said to suit 
astronomical work in an eminent degree, but its char- 
acteristics in 1902 have proved unusually bad; in fact, 
atmospheric conditions have combined with the low 


by S. P. Langley and F, W. Very, 


* ** On the Cheapest Form of Light,” 
No, 1258 Smithsonian Misc. Coll. 
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position of the planet to render observations difficult, 
and they have generally had to be pursued with defini- 
tion of very inferior quality. The seeing has been 
recorded as “very good” on six nights only out of 
seventy-five, and in 1901 the result was equally disap- 
pointing, for the image was really sharp and satis- 
factory on five nights only out of seventy-one; but in 
1901 the planet was about 5 deg. lower (Dec. 23 deg. 
S.) than in 1902 (Dec. 18 deg. S.), and though the 
difference is not great, it ought to have operated 
strongly in favor of the present year had other circum- 
stances been equal. 

The most noteworthy incident in connection with re- 
cent studies of Jupiter is to be found in a very pro- 
nounced acceleration of motion in the great red spot. 
This first made itself evident in 1901, but it has been 
intensified during the past summer. For about twenty- 
three years, uninterruptedly, this singular marking had 
exhibited a constantly increasing retardation, which 
caused its rotation period to lengthen from about 9h. 
55m. 34s. to nearly 9h. 55m. 42s. But in 1901 it de- 
clined to 9h. 55m. 41s., and during the present year the 
rate has been about 9h. 55m. 394s. And this increase 
of velocity has been contemporary with the outbreak 
of a large, irregular or multiple marking of a dusky 
hue, in the same latitude of the planet This new 
object, apparently first seen in May, 1901, has shown 
a rotation period of 9h. 55m. 18s., which corresponds 
with that of the south temperate current. It seems a 
probable conjecture that the presence of the marking 
just referred to may have forced the red spot along at 
a more rapi rate than that which it exhibited in pre- 
vious years. In June, July and August of the present 
year, the red spot was almost surrounded by the ma- 
terial of the new marking, and the quicker motion of 
the latter may well have accelerated the movement of 
the former. But no certain conclusion can be arrived 
at, though the facts are significant and suggestive. 
Possibly the phenomena alluded to may have been 
practically coincident in date, but devoid of any phy- 
sical relationship. And in this connection it will be 
useful to remember that the red spot has always been 
situated in a stream flowing along with much greater 
celerity than the rate of its own motion. 

In September, the material of the new marking had 
passed to the preceding (W.) side of the red spot, and 
hence it was expected that the accelerated motion of 
the latter would cease, but the differences in motion 
have been comparatively slight, so that errors of 
observation make it unsafe to form definite conclusions 
It will be advisable when the planet disappears from 
the evening sky in January next to collect all the 
transit times of the red spot recorded during the 
present apparition, as it may then be possible to de- 
termine with accuracy the extent of the acceleration 
and the variation in its rate, if any, during the sum- 
mer and autumn. If a large number of observations 
are forthcoming, it will be desirable to group them 
into monthly or bi-monthly periods and ascertain the 
mean longitude of the spot for each of these, when 
the rate of its drift will be seen and the errors of 
individual transits practically obliterated. 

At Bristol, the following estimated transits have been 
obtained with a 10-inch reflector and a power of 312: 





Date G.M.T. Longitude 
1902 h.m deg 

April 28 1614 45.9 

May 20 14 23 7 

June 20 1456 

June 27 15 37 

July 2 14 49 

July 7 13 54 

July 9 15 33 

Aug. 8 10 8 

Aug. 12 13 29 

Aug. 15 . 1057 

Aug. 20 10 3 

Aug. 25 S F 

Sept. 1 950 

Sept. 13 9 48 

Sept. 18 8 5614 

Sept. 28 7 2 

Oct. 3 618 

Oct. 10 7 39 

Oct 15 613 

Oct. 22 7 1 

Nov. 8 6 8 

Nov. 18 431% 

Nov. 23 3 36 

Nov. 25 *5 20 39.1 


During the present year, a number of white and dark 
spots have been visible on the north side of the north 
equatorial belt, and the mean rotation period of these 
has been about ten-seconds less than that shown by 
the red spot. A new belt has lately formed on the 
northern side of the spots alluded to. The equatorial 
current of the planet has been moving, as nearly as 
possible, at the same rate as during 1901, for the mean 
rotation of twenty-four spots is about 9h. 50m. 2%s. 
There has been an abundance of slow-moving N. and 
N.N. temperate markings, but these have seldom been 
well seen owing to the confused definition —W. F. Den- 
ning in Nature. 


INSECTICIDES. 


under three chief 
us con- 


INSECTICIDES may be discussed 
headings—powders, pastes, and liquids. Let 
sider them separately. 
Taking up 
POWDERS 

first, we may consider a few formulas and then from 
them choose one for our special brand. The ordinary 
insect powder on the market is made from Pyrethrum 
carneum, Pyrethrum roseum, and Pyrethrum cinerar- 
ie-follum. The first two are generally ground to- 
gether and are commercially called Persian insect 
powder; while the third is commonly called Dalma- 
tian insect powder. These powders are sold in the store 
under many names and are in every case held up to 
be the best—better than is furnished at any other 
store. They are also sold in combination with other 
powders under some proprietary name, and in this 
form can be made to yield a good margin of profit to 
the dealer. The following formule are all good ones 
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and perfectly safe to use. In each instance insect 
powder relates to either one of the pyrethrum plants 
powdered, or to them altogether: 


(1) Imeect powder .....ccccec coocs BGR, OF. 
Powdered borax ........ scoccne 8 OBR. OV 
ll GE POMMPTOTEL «nc ccveccccs 2 fi. drachms 
Co ee, PIE Sicccccccs<inees 8 OZS. av 
TELS. bebe keaitsdouie ix ech i da Oona bce 8 OZS. av 
I ia pds wish de xstheente dw aie 6 Be 4 O7ZS. av 
Ce OE CUORITIEES oi cine cceeses 2 fl. drachms 


This formula is especially good for cockroaches: 
CB) TRMDSE DOWER ccc cwcvccocccess 14 ozs. av 
Quassia, in fine powder .......... 6 OZS. aV 
White hellebore, powdered ...... 2 OZS. ay 


PACKAGE FOR THE POWDER. 


Any one of these powders will prove efficacious, and 
you can choose for yourself which one to use, resting 
assured that if you will only take the question in 
earnest, and work at it with a will, the results cannot 
be anything else but favorable to you. Assuming that 
you have selected your formula, the question arises 
How shall I put the preparation on the market? Ther« 
will be no trouble about the package, for you can get 
all the lithographed cans with double covers that you 
want at a very small cost. To be sure, you need your 
name and brand on the can, and you must as well 
have a little paragraph on the back of the can ex 
tolling the merit of the substance within. A legend 
like this would be appropriate: “This powder is 
especially adapted to the extermination of bedbugs 
cockroaches, and other house vermin of like character 
In cleaning bedsteads, the cure will be most effectual 
if the powder is well applied after a good scrubbing 
with soap and water.” 

PASTES. 


Let us now turn our attention to pastes. It is de 
sirable to have something different from a powder 
and a paste suggests itself For tho basis let us use 
common soap made into a jelly witn sufficient water 
and then we can add various combi.iations of strong 
poisons or drugs that are less active. Some house 
wives are very partial to corrosive sublimate for bed 
bugs in particular and other bugs in general Well, 
we know that corrosive sublimate does not kill the 


festive bedbug unless the bug eats the poison. The 
corrosive sublimate cannot penetrate the waxy coa 
with which this disgusting bed-fellow is covered suit 


inasmuch as people insist on having this chemical, 


we can combine it with our paste as follows: 


Ce CE Sncacccnenee ‘ 1 OZ. av. 
Ammonium chloride ........ 3 OZS. av 
Corrosive sublimate at 3 0z8. av 
Water, enough to make ; 32 fl. ozs 


Dissolve the salts in the water and add the soap 


This will make a paste that can be painted with a 
brush around in the cracks and crevices sesides, it 
will make an excellent filling to keep the cracks ol 
the wall and wainscoting free from bugs of all kinds 
The formula could be modified so as to permit the use 
of Paris green or London purple, if desired \ ce 
coction of quassia could be used to dissolve the soap 

poisonous, 


The letter paste would, of course, not be 
and in many instances it would be preferred. Yo 
might make a cold infusion of white hellebore of 25 
per cent strength, and in 1 quart of infusion dis 
1 ounce of common soap. The advantage of the 
paste is simply to keep the poisonous substance 
oughly distributed throughout the mass at all times 


} 
solve 
soap 


thor 


The density of the paste can be varied to suit your 
own idea. Kerosene oil or turpentine could replace 
6 ounces or 8 ounces of the water in making the paste 


and either of these would make a valuable addition 
Another paste preparation which will meet with 
hearty recommendation is blue ointment This oin 


ment, mixed with turpentine or kerosene oil, can be 
used to good advantage; especially so as the turpen 


the mercury 


tine is so penetrating that both it and 
ean be said 


have a chance to act more effectually It 
that turpentine will kill the bedbug if the two co 
in contact; and kerosene is not far behindhand in it 
deadly work. 

Here are two formule which may be of 
(1) Blue ointment 

Turpentine 
Stir well together 


n 


us¢ 
1 ounces 


” 
» ounces 


1 ounce 


(2) Blue ointment 
3 ounces 


Kerosene oil 


Stir well together 
LIQUIDS. 
liquid in 


Now let us consider the third division 
used than 


secticides. There are even more liquids 
powders, and there is no doubt that the liquid form i 
the best to use; unlike a powder, or even a paste, | 
will follow down a crack into remote places whe! 
bugs hide, and will prevent their escape, and it I 
also kill the eggs and nits. In the long list of liquids 
used we find that the following substances are the most 
employed, and probably the best: kerosene, turpent! 
benzine, carbolic acid, corrosive sublimate sotution 
pennyroyal, and strong solution of soap. Here are 
several good formule that can be pended upon 
(1) Oil of pennyroyal 1 drachm 
Turpentine at 8 ounces 
Kerosene oil, enough to make. 1 gzallon 
bedbug exterminator 


1 drachm 


oil 


Put up in 8-ounce bottles as a 


(2) Oil of eucalyptus ..........-. 
Eucalyptus ‘@aveS .....scceeees 1 ounce 
SS errererrr omnia taree os 0a 2 ounces 
Turpentine Lerchehs eb eae eens 2 ounces 
Kerosene, enough to make.. 16 ounces 


Mix the turpentine, benzine, and kerosene oil, and 


macerate the eucalyptus leaves in it for twenty-four 
hours: then strain and make up the measure to 1 pint 
having first added the oil of eucalyptus 

This is an excellent preparation for exterminating 
cockroaches. Take small bits of banana, or banana 
peels, and soak them in it, and at night put the bait 
around in places where the bugs frequent. Some are 
killed by eating the banana, and others are driven out 
The cockroach is very fond of banana, and apparently 
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cannot resist the temptation even if the bait is pois- 
oned. 
CED. BEOUOMOMS GEE occcccecdvcesececceves 8 ounces 
Oil of wintergreen, a sufficient number of drops. 
For bedbugs, you might modify the foregoing formula 
as follows: 


(4) Oil of wintergreen ...............- 2 drops 
Bensine « . cccvevccdsedcccccvvevvcces 1 ounce 
Turpentine ....... SV¥eewwereeevenes BS OD 
Kerosene oil, enough to make...... 8 ounces 


This combination beats anything I ever heard of for 
bedbugs. It will kill them by contact. The oils dis- 
solve the wax coating of the bug and penetrate to its 
vitals. The other preparations mentioned are good and 
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most of, and claim every merit for. Put it up in a 
pottle and sell for about 15 cents. A label. bearing 
name and directions and your business address will be 
required. Give the following directions for use: 
“Shake the liquid into all the cracks and crevices 
where the bugs are likely to hide.” You must not 
neglect to put a paper bottle-cap over the cork.—Bulle- 
tin of Pharmacy. 








MANUFACTURE OF CEMENT FROM MARL AND 
CLAY.* 
By Henry S. SPACKMAN. 
Tue chemical elements necessary for the manufac- 





UPENING UP 





worth using, but to put up something that is effective 
and cheap, this .ormula cannot be beaten. 


PACKAGES FOR PASTE AND LIQUID. 


As for the packages, the liquid preparation must 
have a sprinkler top, which in the trade is commonly 
called a “bug top.” This is fastened to each bottle, 
and is then inserted in place of the cork when the 
liquid is used The most convenient package in 
which to dispense the paste is an 8-ounce amber bottle 
with a mouth large enough to freely insert a No. 3 
painter's sash-tool You can furnish a brush with a 
package or not, as you choose. To prevent any tamp- 
ering with the contents of the bottle a neat paper 
bottle-cap would be practical and would add much to 
the appearance, and very little to the cost of the pack- 
age. The label must bear the name of the prepara 
tion, and the directions for use. In writing the mat- 
ter for the label, make sure to impress upon the pur- 
chaser the necessity of thoroughly washing the bed- 
room furniture and woodwork with plenty of soap and 
water before making a thorough application of the 





BATTERY OF ROTARY 


paste to all the cracks and crevices about the room 
and furniture; success can be guaranteed if this course 
is taken. Allow me to remind you of one particular 
point in getting rid of bugs of all kinds, a point that 
many a cleanly housewife does not thoroughly under 
stand: a thorough use of soap and water about the 
woodwork and furniture of the house will often alone 
exterminate these household pests. Of course, it is not 


necessary, for obvious reasons, to tell your customers 
this 
Your liquid preparation is the one you must boast 





MARL BEDs. 
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ties. From the works of the Edison Company to thoge 
of the Reading Company is a distance of about fifty 
miles, and with the exception of the eastern end the 
bed as developed does not appear to be over three or 
four miles in width. In appearance the argillaceoys 
limestone resembles slate, and in chemical composition 
it varies within the following limits: 
es GD cceseccaccs eeeeee 10.00 to 19.00 
Alumina and Iron Oxide 
(A1,0, + Fe,0,) 
Lime (CaO) ... $88.00 “ 49.00 
Magnesia (MgO) ............. 1.00 “ 2.00 
The next in order of output is limestone and clay, 
large works manufacturing Portland cement from 
these materials being located in New York, Ohio, 


450 “ 8.00 


eee eee eeeeee 





ture of Portland cement are lime, silica, and alumina, 
the last two being generally supplied by some form of 
clay or shale, the average ratio being one part clay 
te four parts carbonate of lime. 

In the United States the lime used in the manufac- 
ture of Portland cement is found in several ‘forms, 
which may be classified under three general groups— 
argillaceous limestone, marl, and limestone—the latter 
group being capable of considerable subdivision. 

Considering these in the order of their relative im- 
pcrtance in the cement industry, the argillaceous lime- 
stone is easily first, although its supremacy is threat- 
ened, the output decreasing from 72 per cent of the 
production of the United States in 1900 to about 61 
per cent of the estimated production for 1903. The 
principal deposit of this material is found in eastern 
Pennsylvania and New Jersey. The most eastern devel- 
opment is at New Village, where the Edison Portland 
Cement Works are located. The Vulcanite and Alpha 
Works are a little south and nearer the Delaware 
River. The next development is at Nazareth, where 
a number of works are in operation and in course of 


construction, and the deposit can be traced across the 
country to the Lehigh River at Siegfried. Here are 
located the various works of the Coplay, Atlas, Amer- 
ican, Lehigh, Lawrence, Whitehall, and Bonneville ce- 
ment companies. There is no development of the 
deposit between here and the works of the Reading 
Cement Company at Mollitown, which is probably due 
to the fact that there are no adequate railroad facili- 


* Paper read before the Engineers’ Club of Philadelphia and published 
in ite Proceedings for April, 1908, ° - 


STEEL ROOF OVERLOOKING MARL LAKE. 





Illinois, Virginia, Indiana, Missouri, and other State:, 
all erected in the last four or five years, forcing mar! 
cement from second place in 1902. 

The last in the present order of output, but probabl 
second in amount of capital invested and men em 
ployed, is marl. Perhaps a fourth should be added— 
furnace slag—from which considerable cement is bein: 
manufactured. Slag cement is manufactured in tw 
ways: One method is simply a mechanical mixture 
of slag with hydrated lime, and the cement so manu 
factured is more correctly a puzzolana. By the othe 
method a true Portland cement is produced, the sla: 
being treated as a low-grade limestone, to which suffi 
cient lime is added to secure a correct analysis, th: 
raw materials being ground, mixed, and burned th« 
same as for Portland cement. 

The mechanical equipment of a cement plant varies 
with the raw materials used, each requiring a different 
treatment; but the general principle is the same, the 
object being to secure a fine grinding and thorough 
mixing of the raw materials previous to calcination. 

In the dry process which is used for argillaceous 


KILNS—WITH FUEL PIPING AND ELEVATORS FOR HANDLING HOT CLINKER. 


limestone, limestone and clay, and slag, you have as a 
rule hard materials which are fairly constant in their 
chemical composition and carry comparatively little 
moisture, while in the wet process which is used princi- 
pally for marl the materials dealt with are soft in char- 
acter, often semi-liquid, carrying, as they come from the 
deposit, from 40 to 50 per cent of water, and, with some 
methods of dredging, more. After calcination there is 
no great difference in the nature of the clinker, and 
the finishing departments of the different types of 
mills would be interchangeable. 
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June 20, 1903. 


Mar! is of 6rganic origin, the deposits being found 
in low lands, marshes, and the bottoms of lakes. In 
texture it is smooth and soft, varying in consistency 
from that of putty to that of river mud. While the 
greater majority of the shells are entirely decomposed, 
about 90 per cent of the marl under ordinary condi- 
tions being found fine enough to wash through about 
a No. 100 sieve, some of the shells stiil retain their 
form. The majority of these resemble the ordinary 
snail shell in appearance, anJd vary in size from 1 and 
2 inches to those that are almost microscopic. In addi- 
tion to these are found the shells of the fresh-water 
mussel, apparently of more recent date, which are 
sometimes as large as your hand. I submitted some 


of the shells taken from a deposit in Michigan to the 
Academy of Natural Sciences in this city, and Mr. 
H. A. Pilsbry wrote me in regard to them as follows: 


ie shell-fish mentioned in your letter of Novem- 
per 20, as found in a mar! deposit in Michigan—viz., 
Planorbis campanulatus, Planorbis parvus, Limnwa 
stayvalis, Limnwa Humilis, Physa ancillaria, Amnicola 
lus a—are al! still existing as living species. The 
mar! in question is doubtless a comparatively recent de- 
po occupying the bed of a post-glacial lake or pond. 
Sim iar deposits occur in northern New Jersey, where 
the beds of post-glacial ponds have become filled with 
caleireous material, largely molluscan shells. 

he cooler climate and great number of ponds and 
lal which followed the glacial period favored the 
mu iplication of fresh-water mollusks, which at that 
tir were evidently more abundant than at present, 
n that the vast majority of these ponds have be- 


ce extinct by cutting down of streams to their beds 
al liminished rainfall, etc. However, the same shell- 
fis) may still be found in many Michigan lakes to-day. 
As . general rule, it requires some search to find them, 
exc pt in early spring and in the fall, when they are 
abv :dant enough in suitable places.” 


have never observed any living specimens in the 
de; »sits examined, except a few of the ordinary fresh- 
r mussel, 
northern Ohio, near Sandusky, the marl deposits 
ar. of a different character, being largely of a chemi- 
cal origin formed by the crystallization and deposit 
of ‘ime through evaporation of the water which over- 
fl d the low lands in periods of flood, etc. Springs 
i is neighborhood, which come up through the clay 


= 
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of crystallization and afterward decomposed, leaving 
in the travertine a cast of the plant. These stones 


are found in conjunction with granular marls, and are 
I have only seen marl of 


often of considerable size. 
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They would appear to have flourished best in shallow 
waters, and it will generally be found that where the 
water is over thirty feet in depth there is no marl 
under it, although fluctuations in the depths of the 





CLINKER GRINDING MACHINERY—BALL MILLS. 


this character in the vicinity of Sandusky, but there 
are deposits in New York State and elsewhere. In the 
organic marl deposits small quantities of travertine 
are found, generally under water in shallow places, 
the precipitation being probably due to chemical action 
caused by plant life. 

















STONE AND GLASS SEPARATOR FOR MARL. 


subsoil, carry a high percentage of lime, in some in- 
stances as high as forty grains to the gallon. Large 
pieces of considerable hardness are frequently found, 
and these are known locally as prairie rock or petri- 
fied marl, and they resemble coral in their general 
appearance. On breaking pieces of this rock, the out- 
line of rushes and water plants can be followed, which 
have apparently been incrusted during the process 





The deposits of marl vary in size and depth and in 
many instances are covered with several feet of muck. 
The mollusks, from the shells of which the marl is 
formed, must have been very abundant at the time of 
the formation of these deposits, as myriads of shells 
would be required in their formation, and the condi 
tions immediately following the glacial period must 
have been exceptionally favorable for this form of life. 


lakes may cause this rule to be departed from. | have 
observed that almost all of the lakes have an old 
beaver dam at the mouth, which at a later period had 
been reinforced by the dams of the lumbermen, which 
are now falling rapidly into decay. From the appear- 
ance of the deposits I would imagine that the various 
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species of mollusks flourished along the edges in the 
shallow water, and gradually encroached on the lake 
itself, although it is possible that through the work 
of the beavers already mentioned the shallow lakes 
were gradually increased in depth and the marl de- 
1osits built up in this manner. With the exception of 
the presence of vegetable matter near the surface, 
there is no apparent difference in the analysis of maris 
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taken from the swamps and low lands and from the 
lakes, where it was covered from one to ten feet with 
water. 

The deposits vary in depth from a few 
thirty feet, but should average at least ten feet for 
profitable working The surface above low water 
and shallow portions of the lakes are generally cov- 
ered with a vegetable growth, the peat and muck run- 
ning from a few inches to several feet, and this has to 
be stripped before the marl is excavated. If the water 
is over two feet in depth, the mar! is generally clean 

There are few lakes or swamps in Michigan, north- 
ern Indiana, and the various portions of Canada bor- 
dering on Lake Huron, Lake Erie, and Lake Ontario, 
that do not contain marl to more or extent, and 
I know of one deposit in Lake Huron itself. This 
deposit in Lake Huron is rather curious and is located 


inches to 


less 


a few miles north of Alpena It has formed between 
a small island and the main shore Drifting sands 
have practically closed the channel at one end, and 
the entire bay inside was filled with marl to a depth 


of about ten feet. The marl, however, was very soft, 
and an oar stuck upright in it would sink through it 


by its own weight While the shells from which the 
marl was formed were practically pure carbonate of 
lime, the chemical composition of the marl! varies, 
due to the amount of vegetable matter it contains, 
and also to silica, which appears to have been blown in 
by the wind in the form of sand Sometimes the 
sand is found in layers and at other times it is mixed 
through the mar!) itself Its presence does not seem 
to have been caused by the wash from streams feeding 
the lakes, as the marl is found to be as pure, if not 
purer, at the mouth of streams emptying into the 
lakes, as in other parts While the vegetable matter 


does not directly affect the quality of the cement pro 
duced, as it is burned during calcination, it affects 
the value of the commercially, as marl high 
in vegetable matter more fuel in its calcina- 
tion and a greater bulk of marl has to be handled 
If the sand is found in any large Say over 
3 per cent—it is objectionable, as unless finely 
ground it will not combine with the lime during the 
through the kilns, and, when finely ground 

higher temperature to secure combination 
lime Mar! varies in its chemical analysis 
considerably, but for the manufacture of 
hould be within limits 


deposit 


requires 


quantities 
ery 


passage 
it requires a 
with tl 
successful 
the 


cement following 


Silica (SiO_) 
Alumina and Iron 
(ALO Fe.O.) trace 
Lime (CaO) $5.00 
Magnesia (MgO) 
Sulphuric anhydride 
Organic matter 


Marl 


00.00 to 200 
Oxide 

5.00 
56.00 
1.50 
1.00 


oo oe) 
(SoO.) 00.00 


00.00 5.00 


throughout 
Lakes and in 
line drawn from 


deposits are scattered 
the States bordering on the 
Canada, the eastern limit seeming a 
Syracuse, N. \¥ to about hundred miles east of 

The western line extends into Illinois and 
Wisconsin, the southern limit being two hun 
miles from the Great Lakes On the north, in 
Canada, mar! is arely found at a distance of over 
hundred mile from the great lakes I do not 
know of any deposit north of Lake Superior. 

At all the larger mills the marl is excavated by 
mechanical means, some form of steam 
shovel being used. Marl is transported to the mill in 
various ways If the surface of the deposit is above 
water and sufficiently firm, tracks are laid and cars are 
but if soft and covered with water, it is either 
from dredge to the mill or loaded 
which case it is generally pumped from 
the landing to the mill, the method of handling vary 
the conditions at each plant and the ideas 
designer 
first mills built to 
ment from marl and 
tempted the preliminary 
before grinding and 
I can learn, were not 
fact that when these 
cement industry 
devices for {Ss 
veloped as at the 

The drying 
manufacture of cement is 
| understand several mills are 
principle two small are in operation 
While there no question in my mind as to the me- 
chanical the drying of marl as the 
first step in its manufacture into Portland cement, |! 
question whether it will be found as economicai as the 
wet process, or will ever be commercially successful 
and with interest results in a large mill now 
being near Bay City, Michigan, where I under 
proposed to dry the mar! at the deposit, 

distance by rail, and then man 
The conditions at this de 
however, are more favorable for the success of 
experiment than any other I have ever 
lakes in which the marl! is found are so located 
with comparatively little work the outlet streams 
lowered and the water drained from the lakes 
were examined by the writer's firm some 
and it was suggested that the outlets of the 
lowered, a channel cut the entire length of 
the lake, from which others would run at right angles 
to the shore, and that in this condition it might 
gradually dry out 

4 rough experiment 
effect of drainage of the marl 
of marl was piled in a room 


plentifully 
Great 


one 
Kingston 
up into 
dred 


one 


dredge or 


used 
pumped direct 
into scows, in 


tne 


ing with 
of the 
rhe Portland ce 
rotary kilns at 
the raw materials 
results, so far as 
due possibly to the 
built, the 
mechanical 
fully de 


manufacture 
clay in the 
drying of 
mixing, but the 
Satisfactory 
earlier mills 
was in its infancy 
manufacture were 
time 
the 
again 


were 
and 

not so 
present 
question of mar! previous to the 
being taken up, and 
being designed on this 
and 


one or nes 


practicability of 


await the 
built 
stand it is 
ship it a considerable 
ufacture it into cement 
posit 
the 

the 

that 
can be 
The deposits 


seen, as 


years ago 
lakes be 


made to determine the 
A considerable quantity 
the temperature of which 


was 


was about 70 deg. or 80 deg. F., but the moisture was 
lost very gradually After two weeks a sample 
was taken from the center of the pile, and on the 
moisture being determined it was found to contain 32 
per cent, the marl originally carrying about 50 per 
cent, and I question whether by any system of drain- 
age the moisture in the marl! could be reduced much 
below 30 per cent 

In the manufacture of cement from marl and clay 


it is necessary to add a considerable amount of silica 


and alumina, which is generally furnished by clay 
For the wet process this is preferably plastic in char- 
acter, and should be low in magnesia and lime and 
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free from sand and pebbles, the combined iron and 
alumina in the clay being from one-half to one-third 
of the silica. 

In the vicinity of marl deposits there is generally 
an abundance of clay, but it is difficult to find a de- 
posit suitable for the manufacture of Portland cement, 
the majority carrying an excessive amount of mag- 
nesia, and where the magnesia is low there is apt to 


be an undesirable percentage of unavailable silica 
present in the form of sand. A number of mills 
started without giving the clay-supply careful con- 


sideration, and are now compelled to bring their clay 
from Ohio. 

Shales are found in Michigan which are of good 
chemical composition for the manufacture of cement, 
but I know of no plant which is using them for their 
clay-supply 5 

Turning to the mechanical construction of a marl 
plant, the first problem that confronts the designer 
is the excavating of the marl and the delivery to the 
mill This has been treated in several ways, con- 
tinuous bucket dredges, dipper dredges of the clam- 
shell or the orange-peel type, pneumatic or hydraulic 
dredges all being used, but the latter process has not 
been found as successful as the other, owing to the 
large percentage of water brought up with the marl 
and the difficulty of separating the muck and other 
impurities from the marl In some plants the marl 
is dredged and submitted to the preliminary prepara- 
tion on the dredge, the marl! being afterward forced 
through a pump line to the mill, Probably the most 
successful machine for the preliminary preparation 
of the marl is one resembling a mammoth sausage- 
grinder, which in its principle is identical with the 
“Universal” meat-chopper. The machine consists of 
a hopper of sufficient size to receive from 1 to 2 
yards of marl at a time. Underneath this hopper is 
a powerful screw conveyor which forces the material 
against a perforated plate, the holes in the plate being 
about one-half inch in diameter. The soft marl is 
forced through these holes, while the grass, roots, 
stones, etc., are discharged from the bottom. 

I have had no personal experience with the pump- 
ing of marl from the dredge to the mill, but under- 
stand that the most successful device is a double cyl- 
inder with compressed air, the mar) itself acting as 
a piston, the device consisting of two tanks which are 
alternately filled and emptied. After the tank is filled, 
the compressed air is turned on and the contents 
forced into the pipe line. In the mills where I have 
been connected with the design, the conditions have 
favored the handling of the material in cars, as the 
greater portion of the marl deposits were above water. 
Tracks were laid out on the marsh and the cars run 
directly to the dredge, a mattress of brush being used 
on the parts. On reaching the mill the marl 
is dumped into a separator or pugging conveyor, thor- 
oughly breaking it up; the marl, which is now in a 
semi-liquid state, being about the consistency of grout, 
in tanks or concrete pits. The clay, which 
is generally brought from some distance, is then added 
to the marl in correct proportions. It has been cus- 


softer 


is stored 


tomary to dry the clay, grind it, and mix it with the 
marl at the pug mill, but in the mill of the Detroit 
Portland Cement Company, which has just been 


started, a departure was made and the drying omitted, 
the two materials being reduced to a slurry separately. 

On delivery at the mill the clay is first passed 
through a disintegrator and then into a pugging con- 


veyor, where sufficient water is added to bring the 
clay to about the same consistency as the marl, and 
the clay is run to storage tanks, from which it is 


pumped with the marl into the mixing tanks, the pro- 
portion being roughly one cubic foot of clay to four 
cubic feet of marl In the mixing tanks the slurry is 
subjected to thorough agitating, and the slurry is then 


ground to such fineness that °95 per cent will pass a 
No. 100 sieve 
The handling of the raw materials after delivery 


to the mill is done by pumps, three types being in use— 
cylindrical pumps, centrifugal pumps, and compressed- 


air pumps—as previously described 

For grinding the marl the wet tube-mill has been 
most generally used, although in some of the Canadian 
mills which I visited this fall millstones were used 
with excellent results. After grinding, the slurry is 


stored in large tanks, where a final analysis is made, 


and if necessary the mix is corrected. From these 
tanks the slurry running from 40 to 50 per cent of 
solid matter is pumped directly into the kilns, where 


it is dried by the waste heat, this drying taking place 
in the first twenty feet of the kilns. Kilns for burn- 
ing by the wet process are generally made longer than 


those used in the dry process The stack tempera- 
tures in the wet process are considerably lower than 
in the dry process, and operation shows that the cal- 


consumes considerably more 
coal than in the dry process. I am of the opinion, how- 
ever, that this increased coal consumption is not en- 
tirely due to the amount of water in the slurry, but 
to the more refractory character of the raw materials, 
and to the decreased production In one mill some 
experiments were carried on to determine stack tem- 
peratures in connection with the consumption of coal, 
and it was found that with a stack temperature of 
about 400 dee. F.. the best all-around results were 
obtained In the dry process the stack temperatures 
run from 800 deg. to 1,200 deg. F., and, if the kiln is 
being forced, even higher 

The use of powdered coal in the burning of cement 
has now become almost universal, and with the excep- 
tion of one or two small mills in California and Texas, 
oil has been entirely superseded. One mill is operated 
on natural but I have been unable to secure any 
data as to capacities and outputs 

In ordinary practice the burning of cement by the 
wet process is more expensive for two reasons: First, 
there is an increased consumption of at least 50 
pounds of coal per barrel of cement produced, and a 
decrease in production per kiln of about 50 per cent 
While some mills claim to he producing by the wet 
process 125 to 135 barrels per kiln per day, I do not 


cination of the slurry 


gas, 


think the average is much more than 190 barrels per 
kiln; while by the dry process a production of over 
200 barrels per day per kiln is not unusual, and I 


should think an average of the production of all the 
dry mills would show that 175 barrels has been at- 
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tained, with a coal consumption of about 110 pounds, 
some mills where the material is easily fused dropping 
as low as 90 pounds. 

I was very much surprised to see a record of one 
week’s run in a cement mill recently that showed, 
with five kilns in operation, a production of 256 har. 
rels of cement per kiln for each twenty-four hours, 
with a coal consumption of 896-10 pounds of coal to 
the barrel of cement produced. I think that recori jg 
greater than any I have ever heard of, and it is an 
absolutely correct one, as all the coal is weighed going 
into the kilns and all the cement coming out. 

After burning the clinker, the process of manufac. 
ture differs in no way from that in use in the dry 
plants, the marl plants having an advantage over the 
dry plants from the fact that the clinker is mors 
readily ground. 

Comparing the manufacture of cement 
and clay with the manufacture of cement from ‘he 
argillaceous limestone of the Lehigh region, or from 
limestone and clay, the principal advantages and jis- 
advantages are as follows: 

In the manufacture from marl and clay the excava- 
tion and grinding of the raw materials are much |}:s5 
difficult, as the materials are all soft; but to counter. 
balance this you have the following disadvantages: 

First, with each 100 pounds of raw material you 
have to handle 100 pounds of water. 

Second, after starting manufacture the raw nmia- 
terials cannot be left at rest, but must be agitated 

Third, an increased fuel consumption of 50 per ce 

Fourth, difficulty of operating in cold weather. 

Fifth, reduced production per kiln. 

These offset any advantages gained by 
character of the materials. 

This general review of the conditions will serve 
make the accompanying illustrations clearer and m« 
easily understood. 

The mar! is excavated by a clam-shell dredge with a 
bucket capacity of 114 yards, which discharges into t \e 
cars. These cars are brought to the foot of a doub 
irack incline, up which they are drawn to the seco: ( 
floor of the marl building, which has an elevation .f 
about 40 feet above water-level in the lake. The hoi +t 
has a sufficient capacity to haul up two loaded ca 
the empty cars returning by gravity. The cars a 
dumped into a hopper over the separator previous 
described, and from this they discharge into an 18-in: 
ribbon conveyor which carries the marl to the s 
separate pits, each of which is equipped with a tw 
arm agitator revolving at a speed of fifteen revo! 
tions per minute. Compressed air is being substitute! 
for mechanical agitators in a number of the mills, an‘! 
considerable advantage is claimed for its use. 

The clay is brought in by the rail, and is unloade:! 
directly into the hopper of the disintegrator, whic 
is located in a building not shown on the plan. Aft: 
passing through the disintegrator, the clay is di 
charged into an 18-inch cut flight conveyor, which, i 
addition to conveying the clay to the clay storage pit 


from marl 


the sof 


= 


thoroughly pugs it. It was originally intended tha 
the clay should be discharged into a wash-pit whic 


was equipped with an especially designed four-arm« 
agitator similar to the wash mill used in Europe, t} 
arms being equipped with drags; the outlets are 
arranged that the washed clay could be discharg« 
into three adjoining storage pits. It was, howeve 
found on operation of the mills that the clay was so 
thoroughly disintegrated and pugged before deliver 
to the wash-pit, that further treatment was unnece 
sary, and the clay is now delivered into any of tl 
separate pits without first going in the wash-pit, tw 
of the arms in the wash-pit agitator having been r: 
moved. Each of these pits has a capacity of abou 
1,600 cubic feet. From the storage pits the materia 
discharges through pipes by gravity to the suctio: 
of the two pumps located just in front of the storag 
pits for marl and clay. When mixing the raw ma 
terials, a sufficient quantity of clay is first pumped int 
one of the four mixing pits, then the mar! is added 
these pits are equipped with high-speed propeller agi 
tators, the two pumps being so piped that one can b 
working on marl and one on clay at the same tim 
or both on one material. 

After the marl is added to the mixing pit, the mas 
is agitated for about thirty minutes, and then a samp! 
is taken, the percentage of lime determined by volt 
metric methods, and, if the mix is correctly propor 
tioned, the contents of the pits are pumped to thre: 
steel storage tanks located over the tube-mills on 
platform, if no correction is needed. 

The material from these tanks is fed by gravity t 
the tube-mills which discharge into the five slurry 
storage pits. The total storage represented by th: 
various pits is sufficient to produce 2,500 barrels o! 
cement. The entire proportioning of the raw materia 
is made previous to the grinding, although checl 
analyses are taken from each pit after grinding in 
order to prevent the possibility of error in the mix. 

From the storage tanks the finished slurry i 
pumped to the kilns, an even pressure being main 
tained by two stand-pipes through which the over 
flow returns to the pit from which the slurry is being 
pumped 

The rotary kilns are of the ordinary type, six feet 
in diameter, sixty feet long. Each kiln is equipped 
with a speed regulator, by which its speed of rotation 
may be varied from one turn in forty-five seconds to 
one turn in three minutes. 

The clinker after passing through the kilns is dis- 
charged into the vaults located directly under th 
kilns, which are of sufficient size to admit of the kiln 
operating for four days without removing any of the 
clinker. It was hoped when the plant was designed 
that this storage would be sufficient to allow of the 
clinker cooling sufficiently to be delivered directly to 
the ball-mills. To better secure this end it was in 
tended to force cold air into the bottom of the pits 
and exhaust it from the top. Experience elsewhere, 
however, developed the fact that the mass of clinker 
was so great that thorough cooling could not be ob- 
tained, the air seeking preferred channels, and an 
auxiliary system was put in, rotary coolers being used. 
The fans exhausting from the top are those used for 
blowing the powdered coal into the kilns, the air used 
for this purpose being heated by its passage through 
clinker. A considerable improvement in the opera- 
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tion of the kilns is effected, and consequent saving of 
fuel, the temperature of the hot blast being about 
700 deg 

The coal is unloaded directly from the cars to an ele- 
yator, Which discharges it into the hopper of a rotary 
drier, from which the material is discharged into a 
disintegrator which reduces it to such fineness that 
the majority of it will pass a No. 10 sieve. From this 

integrator the coal is elevated to the bin over the 





tube mill, where it is ground to such fineness that 95 
per cent will pass a No. 100 sieve. From the tube- 
mill the coal is elevated and discharged into the coal 
bins in front of the kilns 

fhe grinding machinery differs little from the 


standard practice, ball- and tube-mills being installed 


in ‘his instance. Griffin mills are also frequently 
us The entire plant is electrically driven, twenty-six 
motors being installed, the tube-mills, ball-mills, and 
ol large machines having individual motors which 


be lirectly to the driving pulley of the machinery. 


T) elevators, conveyors, etc., are all arranged in 
gi ss, and driven through countershafts to which 
the motors are belted, General Electric current motors 
be used, varying in size from 15 to 100 horse power. 
7 ower plant is equipped with four 200 horse power 
W es vertical boilers, two 500 horse power Russell 
el es, and two 300 kilowatt General Electric gen- 
¢ rs, and it is contemplated in the near future to 
i 1! an additional engine and generator, as the 
I nt generators and engines are loaded up to their 
| and there is no opportunity to shut off for 
r rs 
e plant was started in operation on October 1, 
a cement was ready for shipment October 15. The 
l is at present only operating five kilns, as owing 
t fire which destroyed the works of one of the sub- 
( actors, the delivery of three kilns is» delayed, and 
t! are not yet ready for operation. 
e buildings are non-combustible in construction 
7 raw material and kiln rooms are built of brick 
steel roof trusses ard corrugated iron roof: the 
nee of the buildings are of steel and corrugated 
though advocates of the wet process are enthusi- 
a regarding the value of marl as a cement-making 
mn ‘erial, and in the Michigan district no other material 
secure a hearing, and the same condition pre- 
vy. ts in the Lehigh region in regard to the argillaceous 
li; estone or cement rock, I notice a growing tendency 
t ivor limestone and clay. The mills manufacturing 
1 these materials are widely scattered, so the 
vth of this portion of the industry has attracted 
ittle attention that there may be many who will 
( tion the statement that 22 per cent of the cement 
ufactured in 1903 will be preduced from this ma 
{ il. The use of limestone and clay is not confined 
t iew enterprises, two of the largest manufacturers 


he Lehigh region having erected mills in the West, 
their estimated production for 1903 is 5,000 bar- 
per day. 

rhe following approximate table shows the amount 


of cement manufactured from the different materials 
i: the past five years, and also the growth of the 
nent industry for that period, and [I would not be 


rprised if the next few years show even greater gains 
i limestone and clay. 


| Argillaceous 





| "Gestene. Mar). Limestone, Total 
late, a a 
| Produe- Per | Produc- Per Produc- | Per Productio 
tion, cent tion. cent. tion, cent, roduction. 
— — — | 
| F ; | 
pve 4.100100) 73 1,200,000 21 300,000 5 | 5,800 000 
1901 8,700,000) 70 2.150.000 17 1 820,000 13 | «12,700.000 
ist 11,600,000) 61 3,290,000 | 17 4,200,000 | 22 | 19,000,000 
sti- | | | 
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ON ELECTRONS.* 


By Sir Ouiver Lopvce, F.R.S., Vice-President, 


Parr VI. 


ELECTRIC THEORY OF MATTER. 


Estimate of Size of Electrons. 


On the hypothesis that the flying or vibrating frag- 
is a material corpuscle charged with electricity, 
o that it has a duplex constitution and a compound 
ind of inertia, part material and part electrical, no 
irther progress can be made. But on the hypothesis 
hat the flying or vibrating particle is an electron—a 
harge of electricity and nothing else—a constituent 
f an atom but with no material nucleus—so that the 
vhole of the atomic properties are to be considered as 
lue to an aggregate of electrons of opposite size, of 
which one or two are comparatively free and detach- 
ble—on this hypothesis a determination of the mass 
f a corpuscle carries with it as a consequence a de- 
termination of its size also. 

Because, as has already been pointed out, any re- 
juired amount of self-induction can be conferred on a 
wire by making it fine enough, and any required 
amount of energy can be conferred upon an electric 
charge by making it concentrated enough. The energy 
it a given speed of motion will be proportional both 
to the quantity and the potential, and the latter can be 
made as great as we please by making the size of the 
bedy possessing the charge extremely small 

It is the intense region of force close to the wire or 
close to the charged particle which is the effective 
region; and so, as stated, a knowledge of the mass or 
kinetic energy at a given speed suffices, on a purely 
electric theory of matter, to determine the size of the 
electron constituents of which it is composed. For 
whether there be any intrinsically material inertia 
or not, there certainly is an electrical inertia. The 
cause of it in the electricai case is known; it is due 
to the reaction of the electric and magnetic fields 


ent 


* Excerpt from a paper read before the Institution of Electrical Engi- 
neers and published in the Journal of Proceedings of the Institution, 
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during acceleration periods, and is denominated self- 
induction. 

Quite possibly there is no other kind. Quite pos- 
sibly that which we observe as the inertia of ordinary 
matter is simply the electrostatic inertia or self-induc- 
tion of an immense number of ionic charges or electric 
atoms or electrons. 

This is by far the most interesting hypothesis, be- 
cause it enables us to progress, and is definite. The ad- 
mixture of properties. partly explained (viz., the elec- 
trical), partly unexplained (viz., the material), lands 
us nowhere, unless by some only partially imagined 
means we were able to estimate how much of the cor- 
puscle appertains to each ingredient. 

The mass of a corpuscle has been measured at some 
thing akin to 1-1000 of an atom of hydrogen, and its 
charge as 10-" electrostatic unit. This amount of elec- 
tricity will have that amount of inertia if it exists over 
a sphere of radius 10-" centimeter, but not otherwise. 
Consequently we may assume the size of the electron 
to be of the order 10-' centimeter in diameter; or 
1-100000 of the linear dimension known as molecular 
magnitude, viz., 10." centimeter. 

With a size like that the penetrating power of cathode 
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Fie. 5.-ORDINARY COHESION BETWEEN TWO 
NEUTRAL ATOMS A AND 3: EACH ATOM 
CONSISTING OF INTERLEAVED ELEC 
TRONS OF OPPOSITE SIGN, DEPICTED IN 
ANY CONVENIENT WAY. 


rays is explained. Especially if the atoms of matter 
are themselves composed of such minute particles 
For the interspaces will be enormous compared with 
the filled-up space, and a point can penetrate far into 
such an assemblage without striking anything. 

It can be determined by considering how much 
space the substance of all the electrons in an atom 
occupies, as compared with all the space which the 
atom occupies itself. In other words, we have to con 
sider what the size 10 for an electron’s diameter 
means, as compared with the size 10- for an atom’s di 
ameter. In the solar system the diameter of the earih 
is 1-20000 part of the diameter of its orbit round the 
sun. Consequently if the earth represented an elec 
tron, an atom would occupy a sphere with the sun as 
center and five times the distance of the earth as 
radius 

In other words, if an average atom is composed ol 
electrons, they are about as far apart in that atom in 
proportion to their size as the planets in the solar 
system are in proportion to their size 

In an atom of hydrogen there are roughly 1,000, or 
say more exactly 700 electrons in order to make up the 
proper mass. 

In an atom of sodium, which is twenty-three times 
as heavy, there must be about 15,000 electrons 

And in an atom of mercury there must be over 
000 electrons 

Consider then an atom of mercury containing 100,000 
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Fie. 6.—TWO POLARIZED ATOMS, POLARIZED 


IN DIFFERENT WAYS; ILLUSTRATING 
ALSO ELECTRICALLY INTENSIFIED COHE- 
SION. 


of these bodies packed in a sphere 10-- centimeter in di 


ameter. One would think at first they must be crowd 
ed; but there is plenty of room. Each electron is 
only 10-" centimeter across, and there are only about 


fifty of them in a row along any diameter of the atom; 
hence the empty space inside the atom is enormously 
greater than the filled spaces. At least a thousand 
times greater in linear dimension, or a thousand mil 
lion times greater in bulk. 

The whole volume of the atom is 10-" ¢.c., the aggre- 
gate volume of all the electrons composing the atom 
is 10° « 10-" = 10-" ¢.c.; consequently the space left 
empty is 10” or ten thousand million times the filled 
space. 

Even inside an atom of mercury, therefore, the 
amount of crowding is fairly analogous to that of the 
planets in the solar system. For though the outer 
planets are spaced further apart than the inner ones, 
they are also bigger, to practically a compensating ex- 
tent. 

From what is sometimes called Loschmidt’s theorem 
in the kinetic theory of gases, the mean free path of 
an electron inside an atom of mercury will be 10-* 
centimeter; that is, it may get through on the average 
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the substance of some 10,000 mercury atoms in a row 
without collision. 

In any other less dense substance it will go further 
The actual distance thus traveled by corpuscles plung 
ing into a dense metal is very small, only the thou- 
sandth part of a millimeter on the average, and it 
need by no means necessarily be a straight line; so a 
target of platinum succeeds in stopping them fairly 
near its surface, and enables the X-rays generated 
by the shock fairly to emerge. Some corpuscles wil! 
be stopped more suddenly than this, and some will 
travel further, but 10-' centimeter is about the aver 
age distance traveled in a solid as dense as platinum 

This distance, however, gives no notion of the value 
of the negative acceleration during a collision, be 
cause the greater part of the thousandth of a milli 
meter is free flight; the stoppage occurs only as the 
last episode of that flight, viz., at the instant of colli 
sion. The colliding masses are 100,000 to 1, so the 
change of velocity at impact could be estimated; but 
the impact will really be more of an astronomical o1 
cometary character, and the effect is analogous to the 
entrapping of comets when they pass near a planet, 
thereby rendering them permanent members of thé 
solar system. 

The ordinary 
comes and goes, 


foreign comet, which 
collision with, and 
rebound from, the sun; for although there is no real 
encounter of main substance, that is what it would 
appear like if it could be seen from the depths of space; 
and the two branches of the comet's hyperbolic orbit 


behavior of a 
may be called a 


would look like straight lines cf approach and reces 
sion. 

Comets which happen to pass very near a planet 
however, are deflected, swirled round, and often vir 


tually caught by that planet, receding only with an in 
significant differential velocity which is unable to carry 
them away from the attraction of the sun; into which 
they often drop. Or if they do not actually drop into 
it, they will continue to revolve round it in an elliptic 
orbit, becoming a member of the solar system, and 
liable ultimately to be degraded into a swarm otf 
meteors. 

This is the sort of process known to occur in astron 
omy, and circumstances not unlike that may attend 
the encounter or apparent collision of a furously fly 
ing comet-like electron with part of the massive system 
of an atom 

The stoppage, therefore, will occur well within th 


limits of atomic magnitude, 10-° centimeter; and so 
u 
the acceleration wil! be of the order > 10° c.gs., 
21 
and the force needed thus to stop even a single elec 
tron will be the tenth of a dyne 
No wonder that violent radiation-effects are pro 


The “power” required to stop an electron, fly 
one-thirtieth of the speed of light, inside a 
molecular thickness, can be estimated as 10° ergs per 
second, which is equivalent to ten watts (Though 
the time it lasts is only the 10-" part of a second.) 

But only a small fraction of this goes into radiation 


duced 
ing with 


The rest, therefore, it would appear, must take the 
form of heat 

Effective radiating power depends chiefly on very 
sudden stoppage, and on the speed being near that of 
light If the velocity is a tenth that of light, and if 
an electron can be stopped in something like its own 
diameter, about 10 per cent of the energy will go in 
radiation, and the rest will take other forms, pre 
sumably heat 

As the velocity diminishes, more and more of the 
energy takes the form of heat; which agrees with the 


fact that at moderate vacua the target gets red-hot. 

The ratio of the radiation power to the total power 
is as the dimensions of an electron to the distanc 
light would travel during the period of the stoppags 
So to get all the energy radiated it is necessary to 
stop a pellet moving with a tenth the speed of light 
in something like a tenth of its own diameter 

JUSTIFICATION FOR ELECTRIC VIEW OF MATTER 

But now what justification is there for the extra 
ordinarily far-reaching hypothesis that the electrons 
constitute matter, that atoms of matter are composed 


fundamental inertia-prop 
self-induction? 
objection to 


of electric charges, that the 
erty of matter is identical with 

There is the reasonable philosophical 
postulating two methods of explaining one thing. li 
inertia can be explained electrically, from the phenom 
ena of charges in motion, it seems needless to require 
another distinct cause for it also. But this is not all 
that can be said; it is quite possible that direct ex 
perimental proof will be forthcoming before long \ 
method suggested by Prof. J. J. Thomson had reference 
to the proportion of radiation to thermal energy «de 


veloped when corpuscles encounter a target which 
suddenly stops them. In so far as they consist of 
non-electric matter they would produce only heat by 
their dead collision, without any direct generation ol 


ethereal waves. In so far as they consist of electri 
charges they would disperse a certain amount of radia 
tion energy; and so the proportion of radiation to 
heat might afford a criterion Hitherto, however, no 
adequate measurements have been made in this di 
rection 

But there is another more 
clusive result. We know that 
moves with a speed approaching that of light, its in 
ertia is theoretically no longer constant, but rapidly 
increases and becomes infinite when the light-velocity 
itself is reached, at least on the orthodox and accepted 
theory: and rather complicated and not quite accord 
ant expressions for this high-speed inertia have been 
calculated by several mathematical physicists 

It is possible that in certain cases of the production 
of cathode rays a speed not far short of that of light 
may be reached, and the increased inertia observed 
Such an experimental determination has been seriously 
and quite recently undertaken by Prof. Kaufmann, 
who employed the method indicated above of compar 
ing simultaneously the electric and the magnetic de 
flection of the same set of rays submitted alternately 
or simultaneously to an electric and a magnetic field. 
Thus the velocity and the e/m ratio are both known 
and Kaufmann concluded that when the speeds ap 


likely avenue to a con 


when an electric charge 
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proached perceptibly near the velocity of light the elec- 


trochemical equivalent m/e increased by just the 
amount required in accordance with pure electric the- 
ory—the theory which attributes the whole of inertia 
to electric influence. There appeared to be no quanti- 
tative room for any extra inertia, such as that of an 
inert particle of non-electric matter traveling with 
each projectile, retaining its inertia constant at all 
speeds, and so contributing nothing to the rise of in- 
ertia perceived when the speed approaches within hail 
of that of light 

It is too soon to be sure whether these results are 
trustworthy or not. The attempt is brilliant, and it 
can hardly be doubted that before long evidence will be 
forthcoming, on this and on other lines, which will 
enable us to accept or reject the hypothesis of the 
electric nature and unification of matter. 

Meanwhile the hypothesis is in itself so probable 
that it is justifiable to attempt to look ahead and ob- 
serve some of the consequences of the view that all 
atoms of matter are built up of the same fundamental 
units, and are composed of aggregates of a definite 
number of variously grouped negative and positive 
electrons, arranged in kinetic patterns and keeping 
apart by reason of the vigor of their own orbital 
motions. 

At first it is not easy to do more than imagine the 
electrons to be statically grouped into regular patterns; 
arranged it may be in triangular or square or hexa- 
gonal order; with other allied three-dimensional possi- 
bilities familiar to students of crystallozraphy. 


ON CHEMICAL AND MOLECULAR FORCES. 


The force of chemical affinity has long been known to 
be electrical. Ordinary electrical attraction between 
charged bodies may be called molar chemical action; 
only there is no combination in ordinary cases, be- 
cause the opposing charges spark into one another, 
and so the attraction ceases when a certain proximity 
is reached. The idea that chemical forces are really 
electrical is as old as Sir Humphry Davy 

Real chemical attraction occurs between two atoms, 


each of which contains an odd number of electrons; 
one extra, or it may be more than one extra, electron 
of given sign. Such an atom has a center of force 


whereby it can attach itself to other atoms and enter 
into pairing or chemical combination with them. It is 
probalfle that a negative charge is an excess, and a 
positive charge a defect; and that when pairing oc- 
curs the excess charge of one fills up the deficiency 
of the other, and composes a complete and neutral 
molecule 

Union of this kind, however, never seems quite as 
strong and permanent as the union of the electrons in 
the atom itself; the molecule easily separates at the 
same place again under the influence of decomposing in- 
fluences, and does not seem able to split up in other 
ways into new substances; except in organic chemistry, 
where various modes of splitting up a complex mole- 
cule can be brought about, and are practically utilized 
for the generation of new compounds, e. g.: 


CH, .CH, = C,H, . H. 


It is probable that the same sort of thing is possible 
with simple bodies, but that the so-called “elements” 
constitute a peculiarly stable group, the ingredients of 
which so far have only partially been reassociated into 
isomeric or allotropic forms, and have not yet been de- 
tached from each other 

When chemical combination occurs between two 
oppositely charged atoms, there is no electric discharge 
between them; the two atoms retain each its own 
charge, and cling together for that reason. When they 
are separated, each is an ion and possesses its appro- 
priate charge 

It is 
molecules with 
more electrons, by 


to charge an assemblage of neutral 
an excess or with a defect of one or 
processes of ordinary electrification, 


possible 


but the attachment of these supernumerary electrons 
is loose—and they can be shaken away by the agitation 
of ultra-violet light and in many other ways. Even 
splashing of liquids into spray shakes some loose. 


massive molecules their mutual 
under the influence of ordinary 
temperature is sufficient to shake away some of the 
loose electrons, which then fly off tangentially with 
whatever orbital velocity they may have had; giving 
rise to phenomena recently discovered under the name 
of radio-activity 


And in the case of 
collision or agitation 


MOLECULAR FORCES, COHESION, 

But there is another kind of adhesion or cohesion 
of molecules, not chemical, but what is called mole- 
cular. This occurs between atoms not possessing ionic 
or extra charges, but each quite neutral, consisting 


of paired-off groups of electrons. At any .moderate 
distance the force of attraction between paired elec- 
trons will be next to nothing, but at very minute dis- 
tances it may be very great, ranging up to something 
almost indistinguishable from chemical combination, 
except that the cling will be a weak cling at a multi- 
tude of points instead of an intense cling at only one. 

Consider the outer surface of an atom consisting of 
a regular group of interleaved electrons of alternately 
opposite sign. Its equipotential surfaces will be dim- 
pled or corrugated or pimply sheets, which at a little 
distanée away will be almost plain, the dimples in- 
creasing rapidly in depth and becoming like the cover 
of a mattress when something less than molecular dis- 
tance, something approaching the internal electron dis- 
tances apart, is reached 

Two such atoms wil! therefore tend to settle down 
with their equipotential surfaces adjusted into uni- 
formity, the pimples of the one fitting into the hollows 
of the other; and this is the state of things suggested 
by the facts of cohesion (Fig. 5) 

To investigate the actual law of force would be 
dificult, and too many assumptions would have to be 
made for the geometrical arrangement of the electrons 
in the adjacent atoms; it could only be approximate, 
because we should probably. at least in the first in- 
stance, have to assume a static distribution. 

It is quite plain, however, that the result would 


be a force rapidly increasing and becoming great at 
small distances, and practically nil at any perceptible 
distance. 
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Molecular forces on this view are electrical, just 
as much electrical as are chemical forces; but they oc- 
cur between chemically saturated molecules, and are 
due to the interaction or distant influence of paired 
electrons on each other across molecular distances. 

Ions cannot thus combine; because if they were op- 
positely charged their combination would be chemical, 
and if they were similarly charged they would strong- 
ly repel each other. 

But if ions arrive at a metallic electrode, or are 
provided with other means of passiag on their free 
charges, they cease to be ions and then they can and 
do combine molecularly with each other. 

It is of course possible for an ton to have more 
than one free electron, forming a dyad cr a triad radi- 
cal; and the way in which a neutral group can receive 
and by rapid readjustment pass on ay extra foreign elec- 
tron, reminding one of the readjustment of the films in 
a lather when one compartment bursts, is doubtless 
instructive. 

The effect of electric polarization .on such a neutral 
group of electrons is noteworthy. ihe effect of 2 
charged body in the neighborhood is at once to disturb 
the equilibrium and to disturb the grouping throughout 
the atom more or less; it will cause the negative elec- 
trons to protrude slightly on one side and the positive 
on the other (see Fig. 6). 

If two molecules were beyond each other’s mole- 
cular range, and if the neighboring surfaces could by 
any means, by the supply of electricity from without, 
be oppositely electrified, the forces of cohesion would 
be intensified momentarily by something akin to chemi- 
cal forces, and cohesion would set in over ultra-mole- 
tular distances. This appears to be what goes on in 
a “coherer.” The opposite charges cannot be main- 
tained electrostatically between two neighboring metal- 
lic surfaces, but they can be imparted with a sudden 
jerk or disruptive discharge or received electric im- 
pulse; and these are the things which are effective in 
promoting cohesion. 

In the diagram herewith, Fig. 5 represents a couple 
of atoms with interleaved electrons of opposite sign in 
square order, the atoms being within range of one 
another and so cohering by molecular or non-chemical 
forces. They have adjusted themselves into a coher- 
ing position; but a shear through half the distance 
apart of the electrons would disintegrate them. An 
angle represented by half the electron-distance divided 
by. the molecular-distance is therefore a measure of 
the maximum distortion of a substance. 

Fig. 6 shows a couple of atoms both electrically 
polarized, as by a positively charged rod held above 
both. The constituents of ( are polarized into hexa- 
gonal order—an effect such as might also be caused by 
lateral pressure in some cases; the constituents of D 
are in diagonal square order; which has the effect of 
vfolent electric polarization. The atoms @ and D are 
therefore clinging by forces much stronger than ordi- 
nary cohesion at that distance would have been. They 
represent adjacent atoms of a momentarily polarized 
coherer. 

It is not to be supposed that the electrons need 
really ever to be disturbed more than an almost imper- 
ceptible aniount in order to produce this chemical co- 
hesion effect. 

(To be continued.) 


CONTEMPORARY ELECTRICAL SCIENCE.* 


RapIATION ScALE or TEMPERATURE.—For determin- 
ing the temperature of a hot body by means of the 
radiant heat emitted by it, three different methods 
are available. The. first is indicated by the Stefan- 


Boltzmann law 
bad %, 
J» E,da = 6T*, 


connecting the “black” radiation between the wave- 
lengths A and A + dA with the absolute temperature 
T by means of a constant 6. The second method is 
based upon Wien’s law 

AmT=A, 
and the third upon Wein’s other formula 

EmT ‘=B, 
where A and B are constants, and m refers to the max- 
imum energy radiated at a particular wave-length. O. 
Lummer and E. Pringsheim point out that these laws 
are not merely empirical rules, but laws of Nature 
whose validity is as well established as the thermo- 
dynamic equations upon which gas thermometry is 
based. They prove by measurements with a hollow 
carbon cylinder heated to 2,300 deg. abs. that all three 
methods give identical results, and that the region of 
accurate measurement of temperatures is, therefore, 





extended by 1,000 deg., and reaches temperatures 
hitherto only reached by extrapolation of formule 
governing thermo-electric forces. — Lummer and 


Pringsheim, Berichte der Deutschen Phys. Ges., No. 
1, 1903. 


SponTANEovs IonrzaTIon 1N Atr.—J. Patterson has 
endeavored to determine the cause of the so-called 
spontaneous ionization in air. To measure the spon- 
taneous ionization at different temperatures, the air 
was contained in an insulated iron cylinder containing 
about 13 liters, and the rate of leak was measured 
between the walls of the vessel and an insulated elec- 
trode. This electrode was connected to one pair of 
quadrants of a very delicate electrometer and the rate 
of leak observed. The experiments showed that from 
the temperature of the room (20 deg. C.) to about 500 
deg. C. the current through the gas was constant, the 
air in the cylinder being at atmospheric pressure 
throughout the investigation. To measure the ioniza- 
tion at different pressures the same cylinder and elec- 
trode were used. The joints were made air-tight 
with sealing wax and the air filtered through glass 
wool. The results showed that down to a pressure of 
about one-third atmosphere the current through the 
gas was independent of the pressure, and that for 
pressures below 90 mm. of mercury the ionization was 
proportional to the pressure. Using the value 6 x 10-” 





* Compiled by E. E. Fournier d’Albe in the Electrician. 
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for e, the charge on an ion, the number of ions pro 
duced per cubic centimeter per second was about 30, 
The results of the experiments indicate that the 
“spontaneous ionization” is really due to easily ab. 
sorbed radiation from the walls of the vessel.—J. Pat- 
terson, Proc. Cambridge Phil. Sac., XII., 1, 1902. 

CONSTANCY OF MANGANIN Resistances.—S. Lindeck 
publishes some figures obtained at the Reichsanstalt 
in the course of some tests of manganin resistances 
made after they had been several years in commercial 
use. Out of 31 resistances, consisting of sheet manga- 
nin, 15 showed variations amounting to less than (01 
per cent. Six showed 0.02 per cent of a secular altera- 
tion, five 0.5 per cent, three 0.1 per cent, and two more 
than 0.1 per cent. This shows that 26 out of the 31 
resistances supplied to electrical works remained con- 
stant within the indications of the best direct-read- 
ing instruments. Among the 10 resistances showing 
alterations exceeding 0.02 per cent, seven were large 
resistances which had been used with strong currents. 
The two resistances whose variation exceeded the 
limit of accuracy marked on them (0.1 per cent) had 
been used almost daily, for four years and 2% years 
respectively. The former showed a decrease of 0 \2 
per cent, and the latter an increase of 0.23 per cent. 
The latter was covered with a brown mud, producod 
by a chemical attack of the petroleum used upon tie 
manganin. The other instrument had only turned 
brown a little. The results show on the whole tiie 
admirable fitness of these resistances for industrial 
=_—= Lindeck, Zeitschr. fiir Instrumk., Janua)y, 
1903. 


Porasstum AMALGAM CaTHopES.—The photo-elect: ic 
behavior of sodium or potassium amalgam, and of tie 
sodium potassium alloy has been investigated |y 
Elster and Geitel. T. Lyman has studied the acticn 
of the same amalgams when used as cathodes in :n 
exhausted discharge tube. The tube had the form of 
an inverted U. One of the arms contained pure mer- 
cury and the other an amalgam of potassium. Each 
of these could be made a cathode in turn, and this 
the difference between mercury and the amalgam cou! 1 
be studied. Though at first the potassium amalgam wis 
protected from illumination, this precaution prove 
unnecessary, for a series of experiments showed th: i 
exposure of the cathode to diffused light from an e>- 
ternal source produced no effect upon the result. it 
was found that, down to a pressure of about 1 mm. cf 
mercury, no difference could be observed between tho 
mercury and the amalgam. But at pressures of th 
order of 0.06 mm., the discharge potential was thre 
times as high with the pure mercury as with th 
amalgam. An alloy of sodium and potassium facili 
tated the discharge in a similar manner, but not s 
much. It is evident that negative electrons are mor: 
easily discharged when a light metal is present.—' 
Lyman, Proc. Cambridge Phil. Soc., XII., 1, 1902. 


MAGNETIC AND Etectric Deriection or Cation! 
Rays.—It was formerly supposed that cathode ray 
suffer no change by reflection or transmission excep 
in direction. But Gehrcke and Leithiuser have show: 
that a reflected or transmitted cathode beam is hete: 
ogeneous, and will be drawn out into a sheaf by a1 
electric or magnetic field, although the same field i 
quite powerless to split the beam before reflection 01 
transmission. On the electron theory, we might sup 
pose that either the ratio e/m of the cathode rays i 
altered or that their velocity is altered. H. Stark: 
has made some experiments to test which of thes: 
alternatives is true, and finds that the ratio of th« 
charge to the (apparent) mass of the electrons re 
mains unaltered, but that both reflection and trans 
mission have the effect of considerably reducing th« 
velocity of some of the cathode rays. He used Kauf 
mann’s method, which employs a simultaneous electri: 
and magnetic deflection of the rays, and provides a 
curve from which e/m and v can be separately calcu 
lated. The latter quantity fell to between 5.64 anid 
3.66 < 10° on reflection from a copper surface, and 
to a minimum of 3.8 X< 10° on transmission through 
an aluminium sheet 0.002 mm. thick.—H. Starke, Ber 
ichte der Deutschen Phys. Ges., No. 1, 1903. 

A Braun Tuse For ELecrrostatic DEFLECTION.-- 
However advantageous a Braun tube may be for study 
ing current curves by means of electromagnetic deflec 
tion of a cathode beam, its use is very limited when 
the investigation of potential curves is called fdr 
Electrostatic deflection by external condenser plates. 
on the other hand, is only available when the currents 
alternate rapidly, since a continuous current only pro 
duces a deflection at make and break, owing to the 
conductivity of the ionized gas in the tube. Internal 
condenser plates, on the other hand, give rise to a 
luminous discharge at low pressures, while at high 
pressures no cathode beam can be produced except by 
means of an induction coil, and that is too inter- 
mittent for good curve tracing. A. Wehnelt has, there- 
fore, constructed another tube with internal condenser 
plates in which he uses one of Wiedemann’s observa- 
tions—viz., that the discharge potential in a vacuum 
tube is enormously increased by introducing the anode 
into the dark cathode space. This enables the ob- 
server to use internal electrodes giving a permanent 
electrostatic deflection. The tube described closely 
resembles the ordinary Braun tube in appearance. The 
curve of potential for an alternating are shows a 
slight elevation at the beginning of the discharge, 
which disappears as the discharge proceeds.—A 
Wehnelt, Berichte der Deutschen Phys. Ges., No. 1, 
1903. 


LicHt AND CatHoprE Rays.—Some new effects of 
cathode rays and light rays are described by L. 
Zehnder. Many salts are known to be colored under 
the influence of cathode rays, and to lose their color 
subsequently when exposed to light. The author has 
found that if an object is traced on a dry plate by 
means of cathode rays and the plate is subsequently 
exposed to light, it may happen that after develop- 
ment the portion illuminated by the cathode rays ap- 
pears brighter than the rest, thus recalling the effects 
of solarization. “Celloidine” paper, once exposed to 
cathode rays, becomes less sensitive to the effects of 
light. If the paper is then exposed to diffuse white 
light, that portion becomes darker which was not pre- 
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viously exposed to the cathode rays. It is thus pos- 
sible to obtain a negative of a positive image produced 
py cathode rays. Solio and other papers show similar 
effects. A circular patch exposed first to cathode rays 
and then to light first becomes paler at the margin, 
where the cathode rays were presumably less active, 
and gradually the brightening extends to the center. 
A fixing bath bleaches the cathode-exposed portions 
much quicker than the light-exposed ones. Mag- 
netically deflected cathode rays have the same effect 
as ordinary ones.—L. Zehnder, Berichte der Deutschen 
Phys. Ges., No. 1, 1903. 


MotecuLaR INpuction.—Under this name T. Gross 
describes some curious phenomena of electrolysis. A 
square glass trough is filled with a pure concentrated 
solution of copper sulphate, and two conver wires, 
reaching nearly to the bottom, enter the vessel, and 
are connected outside it through a _ high-resistance 
gal\ anometer. 
troiczh across the line of current and closer to one 
of ‘he wires. Copper is then deposited upon the zinc, 
and a pretty current is observed going from the zinc 
pl to the more distant electrode. On nnshing the 
zin plate toward the latter electrode, the current is 
rev. rsed. The author disposes one by one of the sup- 
positions that we have here to do with thermal, con- 
cen'ration or local currents. A strong E.M.F. may be 
oli:ined by immersing three zinc plates insulated on 


ol side into the trough, and connecting the two 
ov'-ide ones with the galvanometer. The author main- 
ta'.s that we have to do with a force not connected 
v chemical affinity, and, indeed, often opposed to it. 
H. calls it molecular induction. He presupposes some 
efi -t of molecular vibrations.—T. Gross, Berichte der 


D. itschen Phys. Ges., No. 1, 1903. 


IN Gases.—On several previous 
occasions H. Pellat has called attention to some re- 
m:rkable phenomena seen when a strong magnetic 
fir is brought to bear upon a vacuum discharge, and 
more especially upon the positive column. He de- 
sc’ibes how the positive column is squeezed together 
into a thin pencil, and calls this phenomenon “mag- 
n o-friction.” He now gives some further particulars 
oi it, using a tube 1 meter long and 1.7 cm. wide. 
As the magnetic field increases,. the anode light con- 
tr cts until it becomes a thin pencil. On increasing 
t field still further, a slight halo begins to appear 
roind the pencil. This halo gradually increases until 
it obscures the central pencil, and finallv the magneto- 
f 
1 
t 


AGNETIC FRICTION 


tion disappears, leaving the gas as if no field ex- 

d. This point is reached much sooner in hydrogen 

n in oxygen. With a field of 7,000 units, the diffu- 

is complete in hydrogen under a pressure of 

i. mm. Ogygen still presents a sharp pencil, but this 
niy be made to diffuse by reducing the pressure to 
( mm. Mixtures of gases have intermediate prop- 
e:\ies.—H. Pellat, Comptes Rendus, December 29, 1902. 


MAGNETOMETER FREE FROM DistuRBANCE.—F. Kohl- 
rausch and L. Holborn have devised a susnension for 
a magnetometer which is not intended, like that de- 
vised by Julius, to get rid of mechanical vibration, but 
to obviate disturbance by electrical railways and sim- 
ilar causes. This is done by means of an astatic com- 

nation, in which two magnets, 6 cm. long and 7 mm. 

ick, are connected by means of a brass rod about 1 
meter long, and suspended by a platinum-iridium tor- 

m wire, Thus the earth’s field and its disturbances 

» completely eliminated, and the authors show that 

is quite possible to carry out magnetometric meas- 

ements with the lower needle alone up to distances 
of 1 meter when the vertical distance between the 
rods is not less than 127 cm. But this is only possible 

the “first chief position” of Gauss, for in the “sec- 
ond chief position” the influence of the deflecting 
magnet upon the upper needle is very marked. In the 

rst or “end-on” position the lines of force of the de- 

flecting magnet pass through the upper needle in a 
slanting direction, and it is easy to arrange matters 
o that the horizontal force upon it is negligible.— 
Kohlrausch and Holborn, Ann. der Physik., No. 2, 
1903. 

MECHANISM OF ELECTROCHEMISTRY.—The distance be- 
ween the positive and negative electrons in the mole- 
ule has been variously calculated at 0.01 wu and 0.25 “wu 
M. Reinganum, who favors the former estimate, at- 
empts to formuate a theory of the distribution of the 
lectrons in the molecules entering into electrochem- 
cal reactions. He finds it necessary to assume, in- 
tead of one pair of electrons asin Helmholtz’s theory, 
hat each molecule, say of HCl, contains two pairs of 
lectrons. Electrolytic dissociation might thus be rep- 
resented by a formula 

H+. Cl+- =H +Cl+=, 

vhere the metallic atom becomes positive and the 
radicle negative. Electrolysis would ther consist in 
a process by which the chlorine ions give up their 
superfluous negative charges and become neutral mole- 
ules of the type Cl ,- Cl 4... At the cathode an 
equal number of negative electrons would be given to 
the hydrogen atoms, so that a neutral molecule is 
produced of the type H 4. H ,.. The necessary pas- 
sage of negative electrons would take place through 
the metal and the circuit would be complete. The 
author works out this idea for different compounds, 
and shows why the dissociation constant is a measure 
of chemical affinity. It is probable that the transfer 
of the supernumerary electron is accomplished even 
hefore actual electrolysis takes place—M. Reinganum, 
Ann. der Physik., No. 2, 1903. 


Tue Genesis 0- Ligutntne.—B. Walter proved some 
time ago that an electric spark originates chiefly at 
the positive pole, and is preceded by a number of 
preliminary sparks of increasing length, following 
each other at very short intervals and feeling their 
way, so to speak, toward the negative pole. Some 
very successful photographs of lightning flashes taken 
with a moving camera have since enabled him to 
demonstrate that the genesis of lightning is accomp- 
lished by a precisely similar process. Every flash is 
preceded by a number of minor flashes, braffthing out 
foward the earth. The path remains the same in all 
its ramifications during the succeeding flashes, though 
the various branches are not always: equally illumin- 


A plate of zinc is suspended in the. 
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ated, and further branches are added. A path once 
made through the air becomes, of course, conducting, 
and is utilized for further discharges. One of the 
pictures is that of a flash consisting of three main 
flashes, with time intervals of 0.0177 and 0.0489 sec- 
onds respectively. Another discharge consisted of 
five equal flashes lasting altogether a quarter of a sec- 
ond. One photograph shows evidence of an alternat- 
ing discharge, but as a rule it may be taken for 
granted that the lightning passes as a series of con- 
tinuous discharges, and proceeds practically from the 
cloud to the earth.—B. Walter, Ann. der Physik., No. 
2, 1903. 








A HOME-MADE STORAGE BATTERY CELL.* 
By Water G. JONES. 
Tue simple storage cell, or accumulator, herewith 
described, is made of either cast or bored lead plates, 
as suits the maker, and has a capacity of about 10 


ampere-hours. 
The bored plates are made in a very simple manner, 














CROSS-SECTION THROUGH MOLD. 


viz.: A large sheet of lead % inch thick is cut into 
plates 4 x 5 inches in size, care being taken to leave 
a long terminal or lug projecting from the plate, as 
shown in the cut. It is always best to have the termi- 
nals too long rather than too short, for the reason 
that there are certain gases continually arising from 
the acid in the jar, which in time may eat away the 
brass bolt that clamps the plates together; hence the 
plates make bad connection. After the required num- 
ber of plates have been cut from the sheet, they are 
ready to be bored. In order to avoid burring or bruis- 
ing the plates, clamp them two at a time between two 
pieces of thin wood (cigar-box wood, for instance) in 
a vise, and proceed to bore the holes, which should 
be 4 inch in diameter. If the holes are counter- 
sunk on both sides of the plates after boring, they 
will hold the paste tighter. 

Probably one of the best simple methods of casting 
plates is that given by Percival Marshall, which is ex- 
plained below: 

On the smooth fiat surface of a slab of plaster of 
Paris, about 6 inches by 8 inches by 2 inches, or of a 
sufficient size to allow an inch or more margin around 
the grid, carefully make the lines as shown in cut, 
and with a fine chisel proceed to cut away the plaster 
around the squares, beveling it off to a depth of 1-16 
of an inch. The sectional drawing will probably 
give a better idea of how the plaster and grooves 
should be cut. A pouring hole is made at C, which 
also forms the lug of the plate; an air hole at A; and 









































ASSEMBLED PLATES OF HOME-MADE 
STORAGE BATTERY CELL. 


a few grooves at BBB, or at such places as would be 
convenient for aligning the other half of the mold 
when fixing in position for casting. To complete the 
mold, an exact counterpart of the half already ob- 
tained must be made. This can be easily accomp- 
lished by filling up all the grooves (except those mark- 
ed BBB) with heated paraffine wax, pressing this into 
position with the fingers, and scraping it off level with 
the surface of the mold, thereby forming a pattern of 
one-half of the grid. When the wax is cool and per- 
fectly hard, the whole impression may be removed by 
inserting a pin at one corner. Again the grooves of 
the mold must be filled with paraffine wax and scraped 
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clean and level with the surface. The first impression 
should then be laid on its back on the wax at present 
in the grooves, and the whole mold covered with a 
thin coat of shellac, care being taken to keep the wax 
pattern in position. After building a wall of wood or 
heavy cardboard around the mold to a convenient 
height, the plaster can be poured in. When the 
plaster becomes hard and dry, the mold may be taken 
apart, all wax removed, the halves wired together, and 
the casting of the plates proceeded with. In casting 
the plates, pure lead and an absolutely clean ladle 
must be used. Thirteen plates (six positive and seven 
negative) will be needed to make the cell, but it is 
better to cast a few plates over and above the number 
required, as some of them might be defective. 

After the plates have been made they are ready to 
be pasted. The positive plates are placed on a smooth 
slab and pasted with a stiff mixture of red lead and 
sulphuric acid (two parts water to one part acid). 
The negative plates are pasted in the same manner 
except that a stiff mixture of litharge, with the same 
proportion of acid and water, is used instead of red 
lead. The paste can be pressed into the recesses of 
the plates quicker and better by using a wooden spatu- 
la. In order that the paste may hold tightly, the 
plates are carefully pasted on both sides. When 
pasted, the plates should be stood up in a warm place 
to dry. After they have become dry and hard, they 
should be assembled in such a way as to allow one 
positive plate always to be inclosed between two nega- 
tive plates, and the lugs should be accurately fast- 
ened together with long brass bolts, as shown in Fig. 
3. In order to keep the plates well and evenly separ- 
ated, square lead washers are used for the lugs, and 
wooden racks, well boiled in paraffine, for the plates. 

Rubber-coated wires can either be fastened under 
or soldered to the bolts, after which all connections 
on the lugs must be thoroughly paraffined. The whole 
mass must then be immersed in a jar containing a 
mixture of sulphuric acid and water (4 parts water tol 
part acid). 

The process of forming the plates, which can be 
done if necessary with four or five bluestone batteries, 
must then be started. These batteries, of which the 
copper element is positive and the zinc element nega- 
tive, have an average E. M. F. of 1 volt each, and a 
discharge rate of between \ and %4 of an ampere. 
When using four of these cells and connecting them in 
series, 1n E. M. F. of 4 volts (4 cells at 1 volt each) 
is obtained, which is sufficient for charging the ac- 
cumulator, the E. M. F. of which never exceeds 2! 
volts. 

If, instead of the batteries, a dynamo is used as a 
source of current, it should preferably be shunt- 
wound, for the reason that if the dynamo should fail 
to give current, that in the opposite direction from 
the storage batteries would not reverse the field, as 
might happen if a series wound dynamo were used. 
If a direct-current, electric light system is available, 
the easiest way to form and charge the cell is to con- 
nect it in series with a 16 or 32 candle power lamp. 

Some little care must be exercised, in connecting 
up the cell to make sure that its positive pole is joined 
to the positive pole of the source of supply, and, as 
the E. M. F. of the primary battery or the dynamo is 
in constant opposition to that of the accumulator, it 
is necessary that this E. M. F. exceed that of the 
latter in order that the current shall flow. 

An easy way to determine which is the positive 
pole, if the source of current is from an electric light 
circuit or a dynamo, is to hold the two wires in a glass 
of water, one-half an inch apart. The wire from 
which bubbles arise the fastest is the negative. Pole- 
testing paper may also be made by immersing strips 
of white blotting paper in a thin solution of white 
starch, and, after drying, again dipping them for a 
few seconds in a solution of '. ounce of potassium 
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PLASTER OF PARIS MOLD CASTING 


GRIDs8. 


FOR 


iodide in 1 pint of water. A _ piece of this paper, 
moistened, and having the two wires applied to it % 
an inch apart, will turn red at the negative pole and 
violet at the positive. 

The time taken to charge a storage cell depends en- 
tirely upon its capacity. For instance, if one wishes to 
charge a cell which has a capacity of 10 ampere-hours, 
and the charging current is 2 amperes, the time taken 
for charging equals 10 divided by 2, which is 5 hours. 
The formation of the plates in the first place takes a 
much longer time—anywhere from 25 to 50 hours, 
with this amount of current. When the plates are 
fully formed, the positives turn a dark chocolate color, 
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will 


2% 


cell 
reach 
latter condi- 


and the negatives a dark slate eolor. The 
boil and gas freely, and the voltage will 

while the charging current is on. These 
tions always occur also with a fully-charged cell. By 
all means never short-circuit, i. e., spark or flash the 
terminals of a storage battery together to see if it is 


charged; this is very detrimental, and will, in most 
cases, ruin any accumulator. A very handy way of 
roughly telling whether a battery is fully charged, or 
run down, is to connect a two-volt lamp across any 
single cell to be tested If the lamp glows brilliantly, 
the cell is fully charged, but if it gives a dim light, 


When the 
cell is empty 
small pocket 

the amount 
should be taken 


voltage reaches 1.7 
and should be re 
voltmeter is the 
of charge in the 
while the cell is 


the cell is discharged 
under discharge, the 
charged at once \ 
best means of testing 
cell The voltage 
discharging 

The E. M. F. of a lead storage cell is 2 volts, and 
amperage (capacity) varies in proportion its 

Each square foot of positive surface gives about 
6 ampere-hours; therefore, if you have a battery 4 x 5 
inches in and containing thirteen plates (six 
positive and seven negative), the amperage would 
equal 


its to 


s1ze 


size 


fin «AY 2 sides 


6 plates 


< 6amp. hre 10 amp. hrs. 


44 aq. in 

If it is 
cells connected 
the first joined 


desired t 
in 


to 


charge any number of 
series, i. e., the positive pole of 
the negative pole of the second, 
et multiply the number of cells by 2'4, which will 
give the voltage of the charging current required 
With many cells charging by gravity battery is im 
practical fact, electric light current or current 
from a dynamo is by far the of 
energy 
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THOMSON-HOUSTON ELBCTRIC DRILL 
Wr 
rotary 


ents 


illustrate Thomson-Houston electric 
its mode of operation, pre 
iliarities. The frame of the 
S mounted through a ball 
sort of column, vertical or 
being placed in any direc 
position may be modified with 
moments The motor is com 
but it is possible to lubricate it with 
difficulty, and to inspect the commutator and 
reguiate the brushes while it is in operation The 
motor is a bipolar one, is wound for 110, 220, and 550 
volts, and makes 2,000 revolutions a minute It is 
capable of giving from 2 to 2.5 power, which is 
sufficient for the rapid drilling of of a not very 
hard nature For harder company is con 
structing special percussion drills. The transmitting 
of the of the motor is done through gearing, 
with general thing, a ratio of reduction of 4 to | 
The gear wheel is keyed upon a tube revolving in bear 
ings carried by two extensions of the field-magnet of the 
motor Since this tube has to support the longitudinal 
reaction of the tool that it revolves, it is provided, in a 
direction that of the advancement, with a 
bearing extremity of a conical 
cup and offer a rolling the 
reaction 
In order 
without the 
have made 
two pieces independent 
terior of the tube s provided 
a feather stationary with 
of sliding along the 
forward motion In 
motion, the external surface 
threaded, and the latter 
of nuts are concurrently 
nut isting of 
cause to approach recede 
art the forward motion 
heen adopted for doing 
parts of the nut with a 
of a band brake This 


herewith a 
rock drill, which in 
interesting pec 
motor is immovable and 
and joint upon any 
horizontal It is capable of 
fion whatever, 


and 
out difficulty in a few 
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out any 
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its 


horse 
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opposite 
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consisting 
very gentle to 
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the longitudinal displacement of 
For this the in 
with a and with 
respect tube, but 
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about such 
carrier is 
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The method that has 
to surround the two 
band analogous to that 
tightened in order 
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ROTARY 
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in case 
with too 
would 


bring the two halves of the nut together, and, 
that the advancement of the tool should meet 
great a resistance, the sliding of the brake 
suffice to arrest it 
(2) The stationary 
vance in many cases, or 


allows of too great an ad 
leads to a threading of too 
reduced a pitch In fact, let us suppose that the ad 
vance be .5 of a meter per minute and the number of 
the revolutions of the tool be equal to 500. These data 
correspond to 10 threads per centimeter In arder to 
effect a still further reduction, the Thomson-Houston 
Company employs most frequently what is called a 


nut 


differential advance, which presents other advantages 


DRILL—TRANSMISSION AND 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 1433. 


than those that we have above mentioned. Let us 
imagine that the nut is capable of revolving in the 
same direction as the screw. If it revolves as quickly 
as the latter, there will evidently be no advance. And 
this is what would happen were it controlled by a set 
of gears analogous to that which controls the tube to 
the left and which would be placed to the right on 
the nut. If the reduction of speed is half greater, the 
advancement will be reduced one-half. The first ratio 
of reduction remaining %, for example, the speed 
will remain 500: and if the of the tool re- 


advance 





wil ny 


* 








pe Sues Poyey | 

Fig. 2.--GENERAL VIEW OF THE ELECTRIC 
ROTARY DRILL. 

mains 0.5 of a meter, it can be brought down to 5 


threads per centimeter of screw length by making the 


ratio of reduction upon the nut equal to \.—Trans- 
lated from La Nature for the Screntiric AMERICAN 
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ELECTROLYTIC MANUFACTURE OF 
SODA AND HYPOCHLORITES 


CAUSTIC 


WtEN common salt is electrolyzed it is separated 
into its constituents, sodium and chlorine, and this elec- 
trolysis may be effected by passing a proper current 
through fused sodium chloride, or through an uqueous 
solution of the salt; but in the latter case the sodium 
set free at the cathode immediately reacts with the 
water present, forming sodium hydroxide and liberat 
ing hydrogen As shown in the discussion in Group 
II, the soda industry is one of the most important of 
the chemical industries, and as common salt is used 
in the Le Blane, Solvay, and the other established 
processes of soda manufacture as the raw material of 
the art, it is not surprising that since, as stated above, 
common salt is readily electrolyzed, numerous pro- 
cesses and devices have been invented for effecting this 
on a commercial scale. Among them are the Vautin, 
Hulin, and the Borchers processes, in which fused 
sodium chloride is the electrolyte, and the Holland 
& Richardson, Hargreaves-Bird, Castner or Castner 
Kellner, Solvay, Le Sueur, and the Dow, in which an 
aqueous solution of common salt, which in some in- 
stances is native brine, is used as the electrolyte. 
According to Blount,* the Castner-Kellner process is 
the only one which in 1900 was being worked in Eng- 
land on a large scale and in a profitable manner, but 
while this is carried on in the United States, 
the Le Sueur Dow processes are also in active 
operation here 
The difficulties 

common 


process 


and 


making the 
commercial 


in 
salt a 


simple 
success 


electrolysis 


of have been 
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various. In the fused electrolyte processes they have 
been largely due to the corrosive action which fused 


salt exerts on most materials that can be used for 
making the vessels in which the electrolysis can be 
conducted, while, since the melting point of sodium 


chloride is 800 deg. C., and metallic sodium begins to 
distill below 900 deg. C., the metal comes off mostly 
as a vapor, wirich greatly increases the difficulties of 
collecting it In the dissolved electrolyte processes. 
among other difficulties, trouble has arisen from the 
evolved chlorine wandering into the cathode compart- 
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ment and reacting with the previously formed sodium 
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hydroxide, or vice versa, to form hypochlorites anq 
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chlorates, while the complete separation of the caustie¢ on tl 
soda from the sodium chloride was not at first easily siood 
effected. empk 
C. L. Parsons,* writing in 1898, says: horse 
‘Ernest A. Le Sueur enjoys the distinction of hay. the « 
ing invented the first electrolytic process for the com. pount 
mercial decomposition of sodium chloride, which be cent 
came a regular contributor to the markets of the high 
world. Since February, 1893, caustic soda and bleach: cess, 
ing powder have been manufactured at Rumford Falls, when 
Me., on a commercial scale.” is sin 
It appears that Le Sueur began his experiments in to ru 
the winter of 1887-1888, and after associating with all t! 
him Charles N. Waite, who afforded him valuable Unde 
assistance and some facilities at his chemical works ysua 
in Newton, Mass., they together ran an experimental ratior 
cell from October, 1890, to May, 1891, in a paper mii aver: 
at Bellows Falls, Vt. In 1892 an association was twel 
formed, which in August of that year began the erec- eatl 
tion of a plant at Rumford Falls, and in February, aré 
1893, began the manufacture of caustic soda and : 
bleaching powder, using to generate the required cur. sel 
rent one 200-kilowatt dynamo of the Thompson avi 
Houston pattern. The success of the venture was such pla 
that three more dynamos of the same capacity were the 
installed in the fall of 1894, and the Electro-Chemi:al eny 
Company was organized. in 
2arsons describes the Le Sueur cell as follows: use 
“The cell as now used is contained in a tank 5 y ce 
9 feet and 114 feet deep, and made of one-quarter in: h ra 
boiler steel. Excepting the asbestos, which compos:s ] ul 
the diaphragm, the wire netting of the cathode, aid ne 
the materials of the positive electrode, it is built en do 
tirely of spruce, red brick, Portland cement, sand, a: (| an 
slate. These substances are so disposed in the ce |l co 
as to be practically permanent, the wood being expos: ( the 
to no action except that of the caustic solution, which fre 
has little effect upon it. The anodes are introduced ar 


from the top of the cell and may be removed sing'y ie 


without interrupting the process. Troublesome joins cl 
are closed with a specially prepared plastic ceme1 If 
The diaphragm is tipped somewhat from the hor a 
zontal for the purpose of permitting the easy egre« eff 
of the hydrogen bubbles. The foundation of the ce!! mi 
within the tank consists of an oblong frame of spruc so 
8 feet 4 inches by 4 feet 10 inches, outside measur! 

ment, and 8 inches less on both dimensions insid a 
This frame is 11 inches deep, only the side piece ble 
however, resting upon the floor of the tank. The en om! 
pieces consist of four 4-inch timbers, whose upper su) by 
faces are 10 inches above the floor of the tank and of 
inch below the top surface of the longer side. Tl ra 
frame is divided transversely by a timber, similar t a 
each of the end timbers, which crosses the middle o ' wl 
the frame at the same level as the end pieces. Thi cy 
center beam forms a bridge over which the flat iro p 
ribs supporting the cathode are hung. The cell is thu a 
divided into two equal spaces merely for mechanica and 
convenience The ribs referred to consist of fou off 
parallel pieces of flat iron, three of them being 144 b al 
*% inch, and the fourth, twice as wide. This wide ol 
piece is fastened at both ends to the containing tan! a 
so as to receive from the latter the electric curren! ls 
which enters through the material of the tank an S 
communicates the current to the cathode, which rest | 
upon these iron ribs. The diaphragm rests direct! - 
upon the cathode. The depth of the trough forme ‘ 
by the slanting ribs is 4 inches. There is an adequat . 
arrangement at the ends of the bridge pieces by mean t] 
of which the hydrogen, finding its way to this highe hi 
level, is delivered to exit pipes communicating wit! ee 


the atmosphere, or with any system of piping to whic! os 
it is desired to deliver it. The inch of space betwee a 
the tops of the cross timbers and the side pieces i 

utilized to take a piece of slate 4 feet long by 

inches wide by 1 inch thick. This presses down upo! 

the diaphragm and the cathode netting and keep 

all solid. On top of the sides and ends of the fran 

there are four courses of common brick laid in clea 


cement. There is a coating of cement applied to th 
inside walls of the portion of the cell forming th 
anode compartment, and this includes not only th: 


brick walls, but the small portion of the wooden side: 
above the cathode, which would otherwise come i! 
contact with the anode liquid. The ceiling of the 
cell consists simply of pieces of slate, 2 feet by 1 foot 
and suitably supported by transverse strips of slate 
1 inch thick by 4 inches wide. Through the ceiling 
plates pass the glass tubes to which the anodes aré 
aitached. 

“The anodes which are now used are made from an 
alloy of iridium and platinum, and are so constructed 
that a very large anode surface is presented at an 
almost incredibly small cost, when it is considered 
that it is not at all of the nature of a plated surface, 


but is an anode of solid metal. Sixty anodes on an 
average are used to each cell, and each anode costs 
73 cents at the present market price of platinum 


They are acted upon chemically but slightly, if at all 
If the glass holders break there is no loss of platinum, 
and a new anode can immediately be put in place 
The total cost for the anodes of a plant producing, 
per month, 200 tons of bleaching powder, is approxi- 
mately $5,000, or $40 for a cell producing 55 pounds 
of sodium hydroxide and 50 pounds of chlorine per 
day; and this allows for a very low cell efficiency. The 
total cost for the renewal of the platinum, including 


labor, is less than half the cost of the bare carbon 
alone, as it was formerly used. Besides, it must be 
remembered that carbon anodes are certain to give 


more or less carbon Mioxide if hypochlorite be present, 
while with these iridio-platinum anodes no carbon 
dioxide can possibly be produced. 

“At Rumford Falls, the Electro-Chemical Company 
obtains power at a very low cost, so that it pays to 
obtain a maximum of work from each cell by using 
a higher current density in proportion to the anod 
surface than might be tenable under other conditions. 
As the cells are now constructed, a current of 1,000 
amperes @g passed through each cell under a pressure 
of six and one-half volts. I am aware that this 
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voltage is high, and from a statement in Lunge* he 
would probably, at first thought, condemn the process 
on this ground alone. But it will readily be under- 
siood how this increased voltage can be economically 
employed when it is considered that at $8 per electrical 
horse power per year, which is the cost of power to 
the company at Rumford Falls, the extra cost per 
pound of product, on an average efficiency of 80 per 
cent, is but $0.00015 for each extra volt used. This 
high voltage is by no means an essential of the pro- 
cess, and each cell can be run on a lower amperage, 
when of course less pressure would be required. It 
is simply a fact that at Rumford Falls it is economical 
to run the cells on this voltage, forcing through them 
all the current they can take without undue heating 


Unde these conditions, the renewal of the cell is 
usually made necessary only on account of the deterio 
ration of the diaphragm. The diaphragms have an 
average life of seven weeks, and have been used 
twel four consecutive weeks without renewal. The 
eathodes are but little acted upon, and the steel tanks 
are actically indestructible. 

‘ cells are arranged so that twenty-two are in 
se! and three series are run in parallel on two 
dyvnamos, The hydrogen is used only for working 
platinum, the larger part being allowed to escape into 
the mosphere. The chlorine is conducted by earth- 
enware pipes to lead chambers and absorbed by lime 
in usual manner, although at present a part is 
use for manufacture of potassium chlorate. The 


cal solution is concentrated by evaporation in 
ra and is separated from the major part of the 
ul mmposed salt by centrifugals. Any chlorate is 
n eadily removed, and the solution is then boiled 
do in cast-iron kettles to a first-quality caustic soda, 
an ing about 74 per cent sodium oxide. The re- 
covered salt is converted into brine and is used in 
the cathode compertment of the cells, nothing but 


fre brine and some hydrochloric acid ever being 
ar to the anode side. Whole bays of twenty-two 
ee have shown daily averages of over 90 per cent 
el ne efficiency, and weekly averages of 87 per cent. 
If e anode compartment could be kept constantly 
ar is can be done with single cells, a chlorine 


eff ney approaching very closely to the theoretical 
m be reached. The efficiency, reckoned upon the 
so m hydroxide produced, is not quite so high. 

me great field for electrolytic processes is the pro- 
du: ‘ion of bleaching liquors and caustic solutions for 
bleacheries, paper mills, and the like. Large econ- 
omies might be introduced by companies of this kind 
by making their own solutions electrolytically instead 


of by the usual method of first transporting the 
cl ine in the form vf bleaching powder and the 
a i in the solid state. This is almost self-evident 
when one considers that the final evaporation of the 


Ct ic soda, which is quite costly, is done solely for 
p oses of transportation; that the absorption of 
chiorine by milk of lime is a very simple operation, 
al the bleach liquors so produced are much more 
effcient per unit of chlorine than bleaching powder; 
an| that the raw material (salt) is easily and cheaply 
obtained and transported without deterioration, while 
a small plant can be run almost as economically as a 
one. In fact, the Electro-Chemical Company has 
sold a great deal of chlorine in the form of bleach 
liguors to pulp mills at reasonable distances from the 
works, that preferred to take this liquid carrier of 
rine on account of its ready-settled solution, ease 
manipulation, and its greater efficiency, although 
cost of transportation might be somewhat greater. 
works which do not require caustic soda, the pro- 
s would also be highly economical, for under such 
conditions the cathode liquor can be directly used to 
alsorb the chlorine, in excellent condition for bleach- 
purposes, thus doing away entirely with the cost 
| use of lime. I do not hesitate to predict that we 
ill yet see many Le Sueur plants established in 
nnection with mills now using bleaching powder. In 
one of our largest American sulphite pulp mills 
is already made arrangements for a trial of the Le 
Sueur plant, with a view of bleaching to a very large 
tent.” 
Parsons points out that the chief difficulty of the 
ocess from the outset has been to keep the sodium 
hydroxide in its proper compartment, for with the 
st of diaphragms a limited amount of diffusion into 
e anode compartment goes on, and sodium hypochlo- 
te is formed, which is oxidized to sodium chlorate 
her before diffusion into the outer space or during 
aporation of the cathode solution, and is eventually 
covered as a by-product in the form of potassium 
hlorate. In addition, the diffusing sodium hydroxide 
partly electrolyzed, and, if carbon anodes are used, 
© oxygen liberated will attack them, forming carbon 
oxide. The sodium hypochlorite may also be elec- 
olyzed, giving rise to nascent oxygen and increasing 
e amount of carbon dioxide produced, and this 
rmation of carbon dioxide is a very serious matter, 
1 unless removed from the chlorine gas, it renders 
1e manufacture of a standard grade of bleaching 
owder impossible. Le Sueur has overcome many of 
ese difficulties, first, by having the liquid in the 
node compartment at a higher level than that of the 


iF r€ 


ithode, thus diminishing the entrance of sodium 
ydroxide by diffusion; second, by using platinum- 
ridium anodes; and third, by adding hydrochloric 


icid to: the anode compartment so as to keep the 
olution slightly acid. This acid, so added, at once 
ecomposes any hypochlorite, and is itself oxidized so 
hat all of its chlorine is regained in the form of that 
as. No chlorine is lost by this operation, for the 
hlorine obtained as bleaching powder is greater than 
he equivalent of the sodium hydroxide by the amount 
f chlorine in the added hydrochloric acid. This use 
ff hydrochloric acid is a matter of some expense, 
for an equivalent of chlorine at Rumford Falls costs 
more in the form of hydrochloric acid than it is worth 
as bleaching powder, but in other localities, and espe- 
ially near the Le Blanc soda factories, such use of 
hydrochloric acid may prove a positive advantage 
trom the standpoint of economy. Parsons points out 
that while in 1892, when the Rumford Falls plant was 
built, bleaching powder sold in Boston for $45 per ton 
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and caustic soda for $74 per ton, in 1898 the prices 
were $30 and $36, respectively. 

According to Chandler,* all the difficulties enumer- 
ated above were Completely overcome by the Castner 
process, in which the usual porous diaphragm is 
avoided, and a moving cathode of quicksilver is used 
in its place which absorbs the metallic sodium as fast 
as it is produced and removes it at once from the de- 
composing cell to a neighboring one, where the sodium 
is withdrawn electrolytically and converted into 
sodium hydroxide. The operation is accomplished 
in what is known as the “tipping cell,” which is so 
arranged that once a minute it is rocked upon its 
support just enough to cause the mercury cathode in 
the bottom to flow back and forth under the partition 
to and from the neighboring cell, where the sodium 
hydroxide is produced free from chlorine. The 
metallic sodium never exceeds more than 0.2 per cent 
of the mercury, and consequently there is very little 
loss from the recombination of sodium and chlorine in 
the decomposing cell. 

An important adjunct to the tipping cell is Castner's 
graphitized anode. With the ordinary carbon anodes, 
such as have been previously employed, it was found 
that the combined action of the chlorine and other 
substances resulting from the electrolysis of sodium 
chloride, together with the chemical reactions which 
occurred at or near the-surface, disintegrated them 
rapidly. By converting the anodes after they have 
been shaped and baked into the graphitic form, they 
are of much greater durability, and the graphitizing 
process has been regularly employed on a large scale 
for this purpose. Other modifications and improve- 
ments in the details of construction of the tipping 
cells have been made which facilitate the production 
and have increased the efficiency of the process. The 
Castner process yields pure caustic soda and pure 
chlorine, and has been in successful operation for 
several years in England, on the Continent, and at 
Niagara Falls, N. Y. At the last-named locality the 
company now using it is extending its plant. 

According to Blount,+ the Castner-Kellner process 
is at work in England, at Weston Point, in Lanca- 
shire, where a plant of about 1,000 horse power is in 
use and where a second plant of equal size is now 
being put down. Another plant of 2,000 horse power 
(also about to be doubled), belonging to the Mathie 
son Alkali Company, is running at Niagara, using 
current supplied by the Niagara Falls Power Company. 
The output of this company is stated to be 10 tons of 
caustic soda and 24 tons of bleaching powder per day 
of twenty-four hours; the current efficiency, from 85 
to.90 per cent; the pressure required, 3.5 volts—i. e., 
the energy efficiency is from 55.6 to 58.9 per cent 
These statements are found to be concordant if we 
assume that the joint efficiency of the transformers 
and dynamos is 80 per cent 

This is not an unreasonable loss, inasmuch as the 
current has not only to be let down in voltage, but 
has to be transformed from an alternating to a direct 
current The current comes from the power house 
at a pressure of 2,200 volts; it is transformed down in 
stationary transformers to a pressure of 120 volts 
At this pressure the current (which is, of course, stil! 
alternating) passes to motor transformers, which 
transform it to a direct current delivered at a pres 
sure of 200 volts, this being a convenient voltage for 
working a group of electrolytic cells 

The anodes used are ordinarily “squirted” carbons; 


they are subjected to a “special treatment,” designed 
to render them more refractory, and are said to last 
a year. Connection is made with them by means of 


a lead cap cast on one end. The caustic soda solution 
obtained is fairly concentrated, e.g., about 20 per cent 
strength. Much is sent in liquid form in tank wagons 


to soap-makers in Buffale, about 20 miles from Nia 
gara. Some is boiled down and sold in the solid 
state to the Electro-Chemical Company, whose works 


are close to those of the Mathieson Alkali Company 
The Dow process, as set forth in United States 
patent No. 621,908, of March 28, 1899, has for its object 
the production of the chlorine and sodium hydroxide 
from common brine, consisting of sodium chloride, 
calcium chloride, and magnesium chloride in aqueous 
solution, and the invention is in the peculiar kind 
of diaphragm employed and its method of formation. 
To form this diaphragm a quantity of metallic iron is 
introduced into the brine in the neighborhood of the 
anode. On the electric current being passed through 
the solution the first actions that take place are the 
decomposition of the electrolytic solution near the 
anode and cathode, free chlorine being formed at or 
near the anode, and free sodium, calcium, and mag- 
nesium being formed at the cathode. These latter in 
turn react with the water of the electrolyte to form 
sodium, magnesium, and calcium hydroxides, this 
formation also taking place near the cathode, thus: 
2Na + 2H.O = 2NaOH + H -art of the chlorine at 
the anode combines with the iron and forms iron 
chloride (3Cl, + 2Fe— 2FeCl,). The sodium, calcium, 
and magnesium hydroxides and the iron chloride dif- 
fuse toward the middle of the cell and meet between 
the electrodes. On such meeting the iron is precipi- 
tated as iron hydroxide, which forms part of the 

diaphragm, 

3NaOH 4 
3Ca(OH). + 


+ 3NaCl, 
+ 3CaCl.,, 


FeCl, — Fe(OH) 
2FeCl, — 2Fe(OH) 
3Me¢(OH), + 2FeCl, = 2Fe(OH), + 3MgCl.. 

Calcium and inagnesium hydroxides are precipl- 
tated by the sodium hydroxide from the calcium and 
magnesium chlorides, 

2NaOH + CaCl, = Ca(OH), + 2NaCl, 
2NaOH + MgCl, = Mg(OH), + 2NacCl. 

The diaphragm begins to form and build up from 
these precipitates, consisting of iron, calcium, and 
magnesium hydroxides, The chlorine diffusing toward 
the cathode on passing into the diaphragm, is ab- 
sorbed by the calcium and magnesium hydroxides, 
forming calcium and magnesium hypochlorites, thus 
preventing the contamination of the cathode solution 
by the chlorine. These hypochlorites, whose formule 
are not positively known, decompose very rapidly, 
probably into chloride and oxygen. In actual working 
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these hypochlorites are not found present. The iron 
hydroxide being inert so far as the chlorine is con 
cerned, is not disturbed, so that eventually the side 
of the diaphragm near the anode is almost completely 
depleted of calcium and magnesium: hydroxide by the 
action of the chlorine, and only iron hydroxide is left, 
while the cathode side consists mainly of calcium and 
magnesium hydroxides. The iron hydroxide preveuts 
to a great extent the chlorine of the anode compart 
ment from being consumed by the parts of the dia- 
phragm with which it will combine. As the pores of 
the diaphragm contain iron, calcium, and magnesium 
chlorides, the sodium hydroxide of the cathode side 
upon entering the diaphragm is absorbed by 
chlorides before it can diffuse to the anode side, so 
that the sodium hydroxide cannot contaminate the 
anode solution. 

Thus the products of electrolysis are effectually pre 
vented from passing into and contaminating the oppo 
site solutions. The precipitation and formation of 
the diaphragm will take place most rapidly where the 
diffusion is the greatest, and should any portion be 
come detached or mutilated diffusion will be greater: 
at the mutilated point, and the consequent greate! 
precipitation at this point will mend the break. It is 
thus that the diaphragm will thicken evenly 
While one or more sheets of porous material 
as paper, cloth, asbestos, and the like—might be placed 
as a nucleus upon which the two essential layers of 
the diaphragm would be precipitated in the practical 
working of the cell, such a procedure has not been 
found necessary or advantageous, the diaphragm being 
readily produced in the proper place without such 
foundation. The physical qualities of the mixed hy 
droxides when made into a diaphragm in this manner 
are such that they form a coherent and self-supporting 
mass offering very little resistance to the passage 
of the electric current, but at the same time they offer 
a high resistance to the diffusion of the products oi 
electrolysis and the electrolyte 

In the Dow process carbon electrodes are used In 
all the processes bleaching powder is produced by ab 
sorbing the chlorine in dry slaked lime kept at a tem 
perature below 46 deg. C The yield of bleachin 
powder from 100 pounds of good lime is 150 pounds 
Census Bulletin 210 
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TRADE NOTES AND RECIPES 


Solder for Aluminium.—aA solder for aluminium 
which forms the subject of a recent United States 
patent, consists of aluminium 5 parts, antimony 5 
parts, and zinc 90 parts. To make it harder, use a 
little more antimony and a little less zine. The soldet 
is prepared as follows: The aluminium is first melted 
in a pot The zine is then added, and when this is 


melted the antimony is added The metal is then 
thoroughly puddled with sal-ammoniac When the 
surface of the metal is quite clear and white it should 
be poured into sticks ready for use, the cinder being 
first removed. 

Solvents for Celluloid.—Celluloid dissolves in 
acetone, sulphuric ether, alcohol, oil of turpentine 
benzine, amyl acetate, etc., alone, or in various com 
binations of these agents. The following are some pro 
portions for solutions of celluloid 

Grammes 


1. Celluloid tds re ieee 5 
Amyl acetate ; 10 
Acetone. 16 
Sulphuric ether 16 

2. Celluloid . 10 

30 


Sulphuric ether 


Acetone 20 
Amy! acetate 30 
Camphor 3 
3. Celluloid ‘ h 
Alcohol Dies ; ’ nO 
Camphor .... ; 5 
4. Celluloid ... ; 3 5 
Amy! acetate Ae 
5. Celluloid ; % 5 
Amyl acetate ‘ 25 
Acetone ° 25 


—Neueste Erfindungen und Erfahrungen 


Production of Artificial Marble.—-A new 
L. Beaumel has for its purpose the production of imi 
tation of statuary marble, onyx and other multicolored 
The mass used consists of alum and 


process by 


kinds of stone. 


heavy spar (barium sulphate) with addition of water 
and the requisite pigments. 
The following proportions have been found to be 


very serviceable: Alum, 1,000, heavy spar, 10 to 100 
water, 100, the amount of heavy spar being governed 
by the degree of translucence desired 

The alum is dissolved in water with the use of heat 
As soon as the solution boils mix in the heavy spat 
stirred with water and the pigment; boil down until 
the mixture has lost about 3 per cent. of its weight, at 
which moment the mass exhibits a density of 34 deg 
B. at a temperature of 100 deg. C. Allow to cool with 
eonstant stirring until the substance is semiliquid. 

The resultant mass is poured into a mould covered 
on the inside with several layers of collodion and the 
cast permitted to cool completely in the mould, where 
upon it is taken out and dried entirely in an airy room 
Subsequently the object may be polished, patinized or 
finished in some other way.—Neueste Erfindungen und 
Erfahrungen 

Dressing for Sewing Thread.—For colored thread 
Irish moss, 3 pounds, gum arabic, 244 pounds, Japan 
wax, % pound, stearine, 185 grammes, borax, 95 
grammes; boil together for one-quarter hour. 

For white thread Irish moss, 2 pounds, tapioca, 1'4 
pounds, spermaceti, *, pound, stearine, 110 grammes, 
borax, 95 grammes; boil together for 20 minutes. 

For black thread: (Irish moss, 3 pounds, gum Sene- 
gal, 24% pounds, ceresine, 1 pound, borax, 95 grammes, 
logwood extract, 95 grammes, blue vitriol, 30 grammes; 
boil together for 20 minutes. Soak the Irish moss in 
each case over night in 45 liters of water, then boil for 
one hour, strain and add the other ingredients to the re- 
sulting solution. It is of advantage to add the borax 
to the Irish moss before the boiling.—Leipziger Firber 
und Zeugdrucker Zeitung. 
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TRADE SUGGESTIONS FROM UNITED STATES 
CONSULS. 


International Food UBxhibition at London.—Under 
date of May 4, 1903, Consul-General H. Clay Evans, of 
London, transmits the prospectus of the International 
Food, Grocery, and Allied Trades Exhibition to be 
held at the Crystal Palace from August 29 to Septem- 
ber 12, 1903. The industrial and commercial exhibits 
will be grouped under fifteen classes, seven for food 
preserves of all kinds and three for beverages, includ- 
ing natural and artificial mineral waters and non- 
intoxicating beverages. Group XI. includes table decor- 
ations, kitchen utensils, silver, porcelain and glassware, 
and table linen; Group XII., apparatus for brewers, bot- 
tlers, restaurateurs, bakers, butchers, and allied trades; 
Group XIII., hygienic clothing; Group XIV., social 
economy; Group XV., journals, newspapers, and books. 
Applications for space must give full name.and address 
of applicant, stating frontage and depth of space re- 
quired, with general description of exhibit. The charge 
for space inside the building will be 3s. (73 cents) per 
square foot, with a minimum charge of £3 ($14.60). 
Payment to the extent of 50 per cent must accompany 
the application, the balance to be forwarded on or be- 
fore August 25. Exhibitors will have to pay all ex- 
penses of conveying, delivering, arranging, and remov- 
ing their exhibits, and also the cost of the erection of 
all fixtures, screens, and counters required Goods 
may be sent directed to the care of the Crystal Palace 
Company, and communications addressed to the com- 
missioner, 20 Victoria Street, Westminster, London. 


Wireless Messages from Moving Railroad Trains.— 
Consul-General Richard Guenther reports from Frank- 
fort, April 25, 1903 

The Berlin Tageblatt publishes a message sent by its 
correspondent from a moving railroad train between 
Rangsdorf.and Zossen, stating that on that. day ex- 
periments in tnis line were made by the Association 
for Wireless Telegraphy, Braun-Siemens system. Dur- 
ing the journey a lively communication was held be- 
tween the moving train and the stations of Marienfelde 
and Rangsdorf. The absolute reliability of the mes- 
sages transmitted was proven 


Exposition at Sivas, Turkey.—Consul M. A. Jewett 
sends the following from Sivas, Apri! 18, 1903: 

The local government proposes to have an exposition 
of native industries and products at Sivas next 
autumn. It will be something like our State or county 
fairs, and the first one of the sort ever held in this 
part of the country. I think it will afford an excellent 
opportunity to display American manufactures, par- 
ticularly agricultural machines and implements I 
would suggest that manufacturers send to the consu- 
late large il#strated poster announcements of their 
products, and I will endeavor to have them placed 
where they will attract attention. Announcements in 
French would be more suitable than in English. Some 
Turkish writing might be added here. Registered post 
is the best method of sending advertising material. 


Bicycles in China.—Consul John Fowler, of Chefoo, 
under date of March 26, 1903, writes in regard to the 
need for a touring bicycle in China. It is strength, he 
says, that is wanted, not style or flimsy adornments; 
the tool box should be complete, and the tools made 
of steel or some other metal not easily broken. There 
is a good demand for wheels among the Chinese, and 
a plain, strong, durable machine will sell widely at 
a remunerative price He quotes from the North 
China News a statement in regard to the details of 
construction of wheels for the Chinese trade that was 
printed in Advance Sheets No. 1613 (April 6, 1903). 


Request for Trade Information—The Bureau of 
Foreign Commerce has received from O. Obermeyer, 
of Stuttgart (Silberburgstrasse 1251), Wurtemburg, a 
request for the publication of the fact that he is de- 
sirous of obtaining the names of United States manu- 
facturers of all kinds of tools for saddlers, tanners, 
carpenters, coopers, cabinetmakers, turners, and 
butchers, as also manufacturers of drills of wood and 
iron material, saws, edge tools, etc 


Moss Litter for Horse Bedding.—Under date of May 
7, 1903, Consul F. W. Mahin, of Nottingham, reports 
as follows: 

For several years the so-called “moss litter” taken 
from the British bog lands has been used as bedding 
for horses, large companies now rarely employing any- 
thing else. It is considered both economical and health- 
ful. Compared with straw, its first cost is one-half or 
less, 1 ton of moss litter going twice as far, at least, as 
1 ton of straw. Moss litter is claimed to be a natural 
disinfectant, deodorizer, etc. The overpowering odor 
emitted by straw bedding when a barn door is opened 
in the morning is entirely absent from moss litter. 
Drains in stables, another source of danger, may be 
hermetically sealed, it is averred, where moss litter is 
used. Its absorbent quality is put at ten times its own 
weight in moisture. Moss litter is coming into use in 
many Continental army stables and is being advocated 
for the British army. 





INDEX TO ADVANCE SHEETS OF CoNSULAR 
REPORTS. 


No, 1660, June 1.—New Railroad in Veracroz—British Lace and 
p= sone Exports — Maita Import. Regulations — Hebrew School of Agri- 
caltare in Germany—Customs Duties on Small Shipments t exico— 
Railway Project in Cuba, lr 


No, 1661. June 2.—*American Corn at Havre—Anstrian Prizes for 
Designs for Raising Canal Boats—* International Food Exhibition: at 
London—* Moss Litter for Horse Bedding—Medical Preparations in 
Hangary—Electric Tramway in Derby, Eng-and—* Pier at Smyrna, 


No, 1662. June 3.—Trade of D nmark in 1901 2—New Breakwater 
at Malta—Coffee Legislation in Sao Paulo. 


No. 1663. Jume 4.—Racdad Rallway and German Commerce in 
— - Strike of Glassworkers in Bohemia —Almond Outlook in 


No. 1664, June 5,—New Microscope in Germany—Trade of Fu- 
chan in 190%—Legielation of Foreign Documents in Coba—Clearance 
of Merchant Vessels for Cuben Ports, 


No, 1665. June 6.—New Treatment for Tnherculosis—*Request 
for Delinting Machines for Cotton Seed—* Transit Dnes on Goods for 
the Transvaal —* Venezuelan Duty ov Pine 


The Reports marke1 with an asterisk (*) will be published in the Scren- 
tTrvic American Suprpiement. Interested parties can obtain the other 
Report« by aoplication to Bureau of Foreign Commerce, Department of 
State, Washington, D. C., and we suggest immediate application before 
the supply is exhausted, 
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Twenty-Third Edition 
EXPERIMENTAL SCIENCE. 


By GEORGE M. HOPKINS. 
Revised and Greatly Enlarged. 2 Octavo Volumes. 1,100 Pages. 
900 “lllu strations 
Cloth Bound, Postpaid, $5.00. Half Morocco, Postpaid, $7.00 
Or. Volumes Sold Separately: 
Cloth, $3.00 per Volume. Half Morocco, #i.00 per Volume, 


XPERIMENTAL SCIENCE is so 
well known to _—! of our read- 
ers that it is hardly necessar: 
now to give a description of this 
work. Mr. Hopkins decided some 
months ago tbat it would be necessary 
to prepare a new edition of this work in 
order that the many wonderful discoy- 
eries of modern times might be fully 
described in its pages. Since the last 
edition was published, wonderful devel- 
opments in wireless telegrapby, for ex- 
ample, bave been made. It was neces- 
sary, therefore, that a good deal of new 
matter should be added to the work in 
order to make it thoroughly up-to-dat 
and with this object in view some 200 
pages have been added. On account of 
the imereased size of the work it has 
been necessary to divide it into two 
volumes, bandsomely bound in buck- 
ram. It may be interesting to note the 
following additions that have been made 
to these volumes : 
Volume I contains in addition to a 
large number of simple, well tJlustrated 
experiments. a full description of a i 
- P. ric motor made expressly for 
illustration in this edition of “ EXpErni- 
MENTAL SCIENCE.” It ig an ENCLOSED 
SELF-REGULATING electric motor for a 110 volt circuit. It can be oper- 
ated by a current from a 1/0 volt lamp- socket, yielding a full 44 H. P., or it 
may be used as a dynamo. furnishing a current capable of operating three 
l6-candle power, 110 volt incandescent lamps. The construction of the 
machine is perfect enough tu admit of enlarging or reducing its size if 
desired. 

Volume Il contains much on the general subject of electricity, besides 
new articles of great importance. Among these the subject of alternate 
current machinery is treated. Wireless 'Pelegraphy and Telephony re- 
ceive attention. Electrical Measvring Instruments, The Electric Clock. 
The Telegraphone, Expenments in High Voltage, The Nernst Lamp, an 
Measuring the Heat of the Stars are all thoroughly illustrated and des- 
cribed. 

The unprecedented sale of this work shows conclusively that it is the 
book of the age for teachers, students, experimenters and all others who 
desire a general knowledge of Physics or Natural Philosophy. 


SIXTEENTH REVISED AND ENLARGED EDITION OF 1901 
THE SCIENTIFIC AMERICAN 


Cyclopedia of Receipts, Notes and Queries 


15,000 RECEIPTS. 734 PAGES 
Price, 85 in Cloth; $6 in Sheep; $6.50 in Haif Morocco, postpaid. 


This work has been revised and enlarged. 900 New Formulas. 
The work is so arranged as to be of use not-anly to the specialist, but to 
the general reader. It should have a place im every home and workshop. 
A circotar containing full Table of Contents will be sent on application. 

Those who already have the Cyclopedia may obtain the 

1901 APPENDIX. Price, bound in cloth, $1 postpaid. 





The Progress of Invention in the Nineteenth 
Century. 


By EDWARD W. BYRN, A.M. 

Large Octavo. 480 =r, 300 Ilustrations. Price $3 by Mail, Postpaid. 

alf Red Morocco, Gilt Top, ° 
The most important book ever publish¢éd on invention and discovery. 
It is as readable as a novel, being written in popular style. 

The book gives a most comprehensive and coherent account of the pro- 
ress which distinguishes this as the “ golden age of invention,” resulting 
nm industrial and commercial development which is without precedent, 

A chronological calendar of the leading inventions is one of the most im- 

| ate features of the book. enabling the reader to refer at a glance 
portant inventions and discoveries of any particular year. The book is 

oe with large type, on fine paper, and is elaborately illustrated with 
engravings and is attractively bound. 


1902 EDITION. 


ALL THE WORLD’S FIGHTING SHIPS 


By FRED T. JANE, Author of the Naval War Game 
(Kriegspiel). 








Used as a text-book in European navies. The only absolutely correct and 
complete work of the kind published. 


394 PAGES. OVER 3,000 ILLUSTRATIONS. 
OBLONG QUARTO. CLOTH. PRICE, $5.00, POST FREE 


-A photograph of every warship in the w@fid; also a 


CONTAINS: 
silhouette and a gun and armor diagram ot each vessel. 


CONTAINS:—The length, beam, drapght, horse power, speed, coal 
supply, number and size of guns, thickness and disposi- 
tion of armor of every warship in the world. 


CONTAINS :—Tables of the size, weight, velocity, energy, penetration, 
etc., of every gun of every navy in the world. 


CONTAINS:—A series of chapters by noted Admirals, Naval Cons- 
tructors and other experts of various navies, on vital 
questions of the day in naval construction, tactics, and 
strategy. 


CONTAINS:—A comparative table (by the author) of the strength to 
the navies of the world—tbe most scientific attempt yet 
made to classify the world’s warships and navies as to 
actual! fighting strength. 


IT SHOULD BE NOTED that this work is from the pen of a naval 
critic and expertt, whose reputation is far-reaching on 
both sides of the Atlantic. It will be of fascinating in- 
terest to those who follow the course of naval develop- 
ment, and as a book of reference should find a place in 
every library. 





JUST PUBLISHED. 


HARDENING, TEMPERING, ANNEALING 
AND FORGING OF STEEL. 


By JOSEPH V. WOODWORTH, 
Author of “ Dies, Their Construction and Use.” 
Octavo. 20 pages. 20) Illustrations.. Bownd in Cloth. Price $2.50. 


A new work from cover to cover, treating ina clear, concise manner all 
modern processes for the Heating, Annealing. Forging. Welding, 
Hardening and Temper ng of steel. making.tt a book of great prac- 
tical value to metal-working mechanics in general. with special directions 
for the successful hardening and tempering of all steel tools used in the 
arts, including milling cutters. taps, thread dies; reamers, both solid and 
shell. hollow mills, punches and dies. and all kinds of sheet metal work- 
ing tools, shear blades, saws. fine cutlery. and metal cutting tools of all 
description. as well #s for all implements Of steel. both large and small. 
In this work the simplest and most satisfactory hardening and tempering 
processes are given. 

The usesto which the leading brands of steel may be adapted are con- 
cisely presented and their treatment for working under different condi- 
tions explained, also the special methods.forthe. hardening and temper- 
ing of special brands. In connection with the above, numbers of “kinks,” 
“ways.” ied, making the volume a text 
book on the treatment of steel as modern demands necessitate, 

A chapter devoted to the different processes of Cace-Sarecuing ie 
alae included, and special reference made te the adeption ae 
chine Sreel for Teols of various kinds The illastrafions show the 
m anic the most up-to-date devices, machines and furnaces which con- 
tribute to the attainment of satisfactory results in this highly important 
branch of modern tool-making. Send for descriptive circular. 


MUNN & CO., Publishers, 361 Broadway, New York. 


Jone 20, 1908, 
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Scientific American Supplement 


PUBLISHED WEEKLY. 
Terms ot Subscription, 85 a Year. 


Sent by mail, postage prepaid, to subscribers in 
part of the United States or Canada. Six dollarg 
year, sent, prepaid, to any foreign country. 

All the back numbers of Tue SuprLeMent, from t 
commencement, January 1, 1876, can be had. P 
10 cents each. 

All the back volumes of THe SUPPLEMENT can 
wise be supplied. Two volumes are issued yearh 
Price of each volume, $2.50 stitched in paper, or $ 
bound in stiff covers. 

ComBINED Rates.—One copy of ScIENTIFIC AMER 
CAN and one copy of ScienTIFIC AMERICAN SUPPLEME! 
one year, postpaid, $7.00. : 

A liberal discount to booksellers, news agents and 
canvassers. 

MUNN & CO., Publishers. 361 Broadway, New York, 
e+ Oe 
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Horse Power and Most Effieient W orking.. 
The Paris-Madrid Automobile Race.—é illustrations... 
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JUST READY. 


DIES, THEIR CONSTRUCTION AND USE, 


For the Modern Working of Sheet Metals. 
By JOSEPEHL V. WOODWORTH. 
Octavo. Cloth. Very Fully [Wustrated. Price $3.00 Postpaid. 


This book is a complete treatise on the subject and the most compre- 
hensive and exhaustive one in existence. A book written by a practical 
man for practical men, and one that no diemaker, machinist, toolmaker 
or metal-working mechanic can afford to be without. 

Dies, press fixtures and devices from the simpiest to the most intricate 
in modern use, are shown, and their construction and use described in a 
clear, practical manner. so that ail grades of metal-working mechauics 
will be able to understand thoroughly how to design, construct and use 
them, for the production of the endless variety of sheet-metal srticles 
now in daily use. 

Many of the dies described in this book were designed and constructed 
by the author personaly, others under his personal supervision, while 
others were construct and used in the press rooms of some of the 
largest sheet-metal goods establishments and machine shops in the 
United States. A number of the dies, press fixtures and deve «hich 
form a part of this book. have been selected from over 150 published arti- 
cles, which were contributed by the author to the columns of u -me- 
rican Machinist,” ** Machinery’ and the “Age of Steel,” under his own 
name, 

No obsolete die, press fixture or device has found a place in this book ; 
every engraving between its covers represents the highest that has been 
attained in the development of each type described. he descriptions of 
their construction and use will enable the practical man to adapt them 
for facilitating, duplicating and expediting the production of sheet- 
metal articles at the minimum of cost and labor. 

Every manager, superintendent, designer, draftsman, foreman, die- 
maker, machinist, toolmaker or apprentice should have this book. 


MUNN & CO., Publishers, 361 Broadway, New York. 


The New Supplement Catalogue 


* Just Published * 
3 3 


A large edition of the Supriement Catalogue in which is con- 
tained a complete list of valuable is down to the year 1902, is 
now ready for distributi on, free ote arge. The new Catalogue is 
exactly like the old in form, and is brought strictly up to date. 
All the papers listed are in print and can be sent at once at the 
cost of ten cents each, to any part of the world, The a, 
contains 60 three-columu pages and comprises 15,000 papers. The 
Catalogue has been very carefully prepared and contains papers in 
which information is given that cannot be procured in many text- 


books published. Write to 
MUNN & CO., Publishers, - 361 Broadway, New York, 


for the new Catalogue. 
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